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PROBLEMS ARISING FROM SHALE UNSTABILITY 
: IN OILWELL DRILLING 
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-  Shaly tormations often are a source of trouble 
in boreholes by their inherent tendency to defor- 
_  mation and crumbling. 

+ Various explanations have been advanced to 
5 account for this “shale unstability”. In the opinion 

‚of the writer, and contrary to a still wide-spread 

_ opinion, the adsorption of water by and between 
the clay minerals is least likely to be the control- 
ling factor. 

While it should be admitted that this unstable 
behaviour of shales is a complex phenomenon, the 
opinion is advanced that the main cause of trouble 
is to be seen in the disturbance of pressure equili- 
brium which is created by the drilling of a well. 
Amongst the various rocks penetrated by the bit it 
are the clays and shales that are most likely to 
yield to the pressure differential, owing to their 
inherent plasticity or clasticity. 

In order to avoid complications by this unstable 
behaviour of shaly rocks in boreholes both fast 
penetration and the rigid application of special 
mudflush qualities are indicated. 

Whilst a potential unstability appears to be a 
natural quality of all clays and shales, certain shale 
rocks at greater depth may prove particularly 
troublesome owing to excessive fluid pressures pre- 
_ vailing in their pores or cracks. 


EEE VORNE 


er INTRODUCTION 


- Everyone professionally interested in the 
art of oilwell drilling will know the practical 
meaning of the term “heaving shales”, al- 
though the majority of even the more expe- 
tienced petroleum engineers will be found 
hesitating when asked to formulate a definition 
- of this troublesome phenomenon and to explain 
‚its physical background. 

_ It is known from experience in deep drilling 
through rocks of various geological age and 
jeographical location that clayish or shaly 
sediments, far more than any other type of 
rock, exhibit a stubborn tendency to destroy 
‚and refill a borehole shortly after it has been 
drilled. This tendency manifests itself by con- 
tinuous caving, crumbling, sloughing or heaving 


1 N.V. De Bataafsche Petroleum Maatschappij, 
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of the borehole wall, by repeated sticking of 
the drilling tools or, under less unfavourable 
conditions, by large quantities of shaly mate- 
tial being continuously carried to the surface 
in the circulating mudstream (ref. 19), Even in 
cases where no direct trouble is apparent a 
caliper log made afterwards will usually show 
oversize hole conditions across all shale sec- 
tions exposed in the hole. "These phenomena 
are particularly frequent and serious in deep 
exploration wells and in thick sections of 
marine shales when, more often than not, they 
will result in considerable loss of time and in 
great expenditure. Even the complete loss of 
an expensive exploration well before this has 
reached its final geological object is far from 
exceptional, so that these "heaving shale” 
troubles are sometimes accepted as an un- 
avoidable "old-age disease” of deep boreholes. 
Several theories have been advanced by 
various investigators attempting to explain 
this "heaving’ tendency of clays and shales, 
such theories at the same time serving as a 
basis for physical and chemical procedures 
thought suitable for the prevention or correc- 
tion of the trouble. A drawback of most of 
these theories and remedies is that they are 
founded in local experience only and lack 
general applicability. A fact not to be overlooked 
is that shale is a rather complicated type of 
rock, both petrographically and physically, and 
that both the geological nature of the rock and 
the technical conditions of a borehole may 
vary greatly in different oilfields. To all pro- 
bability this “heaving” is therefore a complex 
process in which a number of causes may 
cooperate to the troublesome effect in such a 
manner that a factor found predominant in a 
certain case may play a secondary role only — 
or even none at all — in another instance, and 
vice-versa. In searching for a physical process 
forming the common background (if any such 
exists) of all “heaving” phenomena a critical 
attitude therefore appears to be desirable. 


Ihe: 

Whatever this may be, there is one term 
that is probably wrong in virtually all cases, 
viz. the very one of "heaving”, which was 
derived from one of the first explanations ever 
advanced, assuming an expansion of shaly 
rocks by their supposediy bentonitic consti- 
tuents adsorbing water from the drilling fluid 
(SCLATER, 1936; HALBOUTY, 1936; VON 
Moos, 1949). 

It is true that the clay minerals of the mont- 
morillonite group, which are the essential con- 
stituent of the rock bentonite, exhibit a very 
strong tendency to adsorb water on their sur- 
face, and even internally between the layers 
of their crystal lattice. As a result of this, 
individual particles will greatly increase their 
volume when contacted by water. There are 
three good reasons, however, why this pheno- 
menon cannot generally serve as a satisfactory 
explanation of the so-called “heaving’ of bore- 
hole walls. 


1. The mineral montmorillonite expands 
readily, compact lumps of bentonite, however, 
hardly do so. This is convincingly demon- 
strated when mixing commercial bentonite 
powder into drilling fluids. It is then found 
that only the particles on the surface of lump> 
will adsorb water and swell, thereby preventing 
the water from penetrating into the inner part 
of the aggregates where dry conditions may 
still be found to prevail after a long period of 
immersion.” On the strength of this experience 
it would seem rather improbable that compact 
shales in the wall of a borehole could keep 
expanding to the extent required, just by super- 
ficial contact with mudflush. 


2. The wall material produced during dril- 
ling operations in and past sections of “heaving 
shale” usually reaches the surface in the form 
of sharp angular fragments of rock, quite dis- 
similar to the soft swollen lumps one would 
expect to result from water adsorption. 


3. The theory under discussion is based on 
the assumption that the shales concerned are 
bentonitic in character. Results of X-ray in- 
vestigations, although as yet far from com- 
plete, would seem to suggest, however, that 
montmorillonite is not the main constituent of 
the average marine shale penetrated in oil well 
drilling. Probably minerals of the illite group 
are far more frequent. These also may adsorb 


? According to Spence (1924, page 15) rain water 
hardly penetrates into outcropping bentonite for- 
mations and their surface is usually barren of 
vegetation, 


some water on their surface, but their resulting 
expansion is of a much lower order than that 


of montmorillonite. 


It thus would appear that “montmorillonite 
heaving’ cannot very well serve as a proper 
general term and explanation for the troubles 
encountered in shale drilling. A better, and at 


the same time non-committant term would be 


“unstable shales’ ?. 


We now shall attempt to explain what we 
consider to be the primary cause of this un- 
stability, at the same time admitting that 
various secondary causes may also be active 
in specific cases and aggravate the trouble. 
These additional factors (such as tectonic 
stresses, steep dips, fault zones or, occasionally, 
even water adsorption by certain clay minerals) 
may vary, however, from field to field and 
none of them has so far been found suitable to 
serve as a basis for a general theory. 


INVESTIGATION OF THE PROBLEM 

One thing is certain: all subsurface forma- 
tions are subject to pressure. Apart from 
additional tectonic stresses of local occurrence, 
this pressure is due to the weight of the over- 
lying rocks or, in other words, it is equal to 
the height of the rock column multiplied by the 
specific weight of the rocks. 

This latter is a function of the specific 
gravity of the rock minerals and of the poro- 
sity between the mineral grains. The average 
specific gravity of the mineral grains com- 
posing the sediments may be taken to be about 
2.7 (quartz 2.65, clay minerals 2.65- -2.73, cal- 
cite 2.6—2.8, dolomite 2.9). This means that 
the maximum specific weight of a sedimentary 
formation without porosity will be 2.7, for a 
water-filled porosity of 10% it will be 2.53, 
for 20%, porosity 2.36 and for 30% 2.19. 

As a result of this imposed weight the sedi- 
ments suffer compaction: with increasing depth 
and age water is squeezed out, the porosity 
consequently decreases and the specific weight 
increases. Thus in a young sedimentary basin 
the clay/shale rock gravity increases rapidly 
from slightly over 1.0 (muddy water at sea 
bottom) to about 2.2 (soft, plastic clay at 
shallow depth) and then slowly and gradually 
more to an asymptotic value of 2.7 at very 
great depth (see fig. 1). There will, of course, 


® As originally suggested by K. H. R. Hoyer 


(1941) who, to the best of my knowledge, was first 
to apply soil mechanics in an attempt to explain 
shale troubles in oil well drilling and to whom I 
owe several valuable suggestions for the further 
study of this subject. 
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Fig. 1. Rock pressure in clay 
zone, young sedimentary basin 
(predominantly shales). 
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be local deviations from this “shale gravity 
line’ owing to the lesser compactability of 
intercalated sand beds, etc., but for the present 
purpose this general picture will do (ref. 2, 3, 
4,6 and 13). 

Now the drilling of a hole into these rocks 
necessarily results in the creation of an arti- 
ficial zone of lower pressure in a medium of 
higher pressure. Thus at a depth of 2000 m, 
and an average specific gravity of overlying 
rocks estimated to be 2.3, the rock pressure 
would be 460 kg/cm?. The pressure inside an 
empty borehole would be nil; in a mud-filled 
hole it is more, viz. 320 kg/cm? at the depth 
cited for a mudflush of s.g. 1.6, but this is 
considerably less than 460 kg/cm?. 

This unavoidably means that the rock will 
tend to restore equilibrium by moving into the 
hole. 

Fortunately, however, the rock substance is 
not a fluid, but a solid capable of resisting a 
certain amount of stress (particularly com- 


pression and shear) before giving way. 
Whether or not a borehole will actually col- 
lapse depends on 

l. the type and condition of the rock, 

2. time, 

3. the backpressure exerted by the mudflush 
as well as the latter's physico-chemical nature 
and properties. 

These three factors would appear to deserve 
a further discussion. 

1. As regards the type of rock, it is well 
known from experience in boreholes, mines, 
tunnels and, last not least, natural caves, that 
limestone rocks are generally strong enough to 
allow even large holes therein to remain open 
without artificial support for indefinite periods 
of time. Sands and sandstones too will seldom 
give rise to serious difficulties in boreholes, no 
more than do igneous rocks. 

It are always the clays and shales in which 
trouble is experienced. Even in the fortunately 
large number of wells wherein the presence of 
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shaly sections does not manifest itself by 
serious complications in the course of drilling, 
their location is still clearly marked by hole 
enlargements in the caliperlogs. It is this par- 
ticular behaviour that our term unstable 
shales” refers to, and it would even appear 
that all shales are potentially unstable (in 
contrast to the „heaving” character formerly 
attributed to certain types of shale only). 

In boreholes this inherent unstability may 
manifest itself either by plastic or by clastic 
deformation of the rocks (HALBOUTY, 1936, 
1938; BAKER & GARRISON, 1939). 

Plastic deformability is an obvious quality of 
all younger clay sediments with their high 
water content and low degree of compaction. 
Plastic squeezes have often been observed to 
occur in the shallow sections of boreholes 
penetrating unconsolidated formations. Cases 
of this nature, however, cover a small per- 
centage only of the total of unstability inci- 
dents in oilwell drilling. 

The majority of our troubles, on the other 
hand, are known to occur at somewhat greater 
depths, where the clay rocks have lost their 
soft and plastic character and where their un- 
stability usually manifests itself by a conti- 
nuous production of hard, sharp-edged shale 
fragments. It appears therefore that these more 
consolidated shales are no longer plastically 
deformed, but just break down under pressure 
into angular chips, and this is what we could 
better call a clastic deformation. 


Before moving into a borehole hard shales 
evidently must be broken. Possibly this initial 
fragmentation is caused by the material yielding 
to stresses set up by the existing difference 
between the rockpressure in the formation and 
pressure exerted by the weight of the mudflush 
in the borehole. This at least will be one of 
the factors playing a role in the process, but 
the possibility should also be acknowledged 
that a great deal or all of the consolidated 
shale rocks may be naturally jointed and cut 
by one or more systems of haircracks, in- 
dependent of and prior to any hole drilling or 
other artificial disturbance. The cause of this 
"natural clasticity” will probably have to be 
sought in tectonic stresses and dislocations, 
but still needs further study and investigation. 
Indications of its wide-spread occurrence are 
the "secondary porosity’ of older rocks now 
drawing increasing attention as possible or 
proved oil reservoirs, and certain phenomena 
in the roof rocks of coal beds that are studied 
and made use of by the coal mining profession 
(DEENEN, 1942; LABASSE, 1951; SELDEN- 


RATH, 1951). Moreover, this clastic -character 
sometimes can be visibly observed in fresh 
cuts through surface outcrops of shale, being 
shattered to the extent of resembling a three- 
dimensional jigsaw puzzle. 

Evidently the situation may be further 
aggravated by steep dips and by the neigh- 
bourhood of faults, when the complications 
arising from shale unstability in drilling 
operations will often be more serious. "These, 
however, remain secondary factors, seeing 
that also flat and unfaulted shales are often 
found to be the seat of quite serious trouble. 


2. The time factor. Although the internal 
strength of shaly sediments may thus be mark- 
edly lower than that of other rocks. they still 
are solid materials and their deformation need 
rot start immediately when a pressure dif- 
ferential is applied. This explains why usually 
caving and sloughing do not show up until 
some time after penetration of the shale by the 
bit. This may be a matter of hours, days, 
weeks or months, depending both on the nature 
of the individual shale and on external con- 
ditions. The fact that shale troubles are par- 
ticularly frequent and dangerous in deep ex- 
ploration drilling may partly be due to the 
higher pressure differentials prevailing at 
greater depth. The major cause should be 
sought, however, in the time factor, seeing that 
deeper drilling usually progresses more slowly 
as a result of harder rocks, time-consuming 
roundtrips, more elaborate coring programmes, 
etc. The "open-hole-time” (i.e. the length of 
the time the hole is left unsupported between 
two successive cementations of protective 
casing strings) thus easily may become exces- 
sive. An experience worthy of mention in this 
connection is that with the introduction of 
better drilling equipment, replacement of con- 
tinuous coring programmes by physical logging 
and cuttings analysis, etc., the average depth 
where formation troubles use to grow more 
serious and frequent has constantly moved 
downward to gradually deeper levels (post- 
ponement of "old age stage” of the borehole). 


In our endeavour to reduce the harmful 
effects of formation unstability nothing can, | 


obviously, be done to change the nature of the 
shales. As regards the time factor, open-hole- 
time should always be kept as short as pos- 
sible. Unfortunately, however, possibilities are 
limited here, seeing that, after all, the primary 
purpose of drilling is not fast hole-making, but 
the finding and production of oil, and this will 
usually require at least a certain amount of 


mechanical coring, drill-stem testing and other 
time-consuming operations. 


3. In view of this situation the third factor, 
back pressure exerted by the mudflush and the 
physico-chemical properties of this fluid, be- 
comes of paramount importance. 

What qualities of a drilling mud may affect 
shale unstability? 


a. Weight. At first sight it would appear 
that the higher the specific gravity of a dril- 
ling fluid, the lower will be the difference of 
pressure between rock and borehole and, con- 
sequently, the longer the safe open-hole-time. 
This, however, may be but part of the truth: 
probably the application of a heavy mud will 
be beneficial only if at the same time this mud 
possesses excellent plastering qualities. It is 
generally assumed that the deposition of a 
plastercake is not required, and even impos- 
sible, on a borehole wall consisting of imper- 
meable shale, but what if this shale is actually 
shattered and cracked as previously suggested? 
The fluid phase of the mud will then penetrate 
into the cracks and the extent of this penetra- 
tion is likely to increase with the mudflush 
gravity. As a result the fluid pressure in the 
voids will likewise increase and this, in ac- 
cordance with the concepts of soil mechanics, 
will unavoidably entail a decrease of grain 
pressure (or chip’ pressure) and consequently 
a reduced friction between shale chips and a 
greater instead of smaller chance of rock de- 
formation. 


b. Plastering qualities. In view of the above 
it is clear that, in order to be on the safe side, 
we better make sure that the water loss factor 
of our drilling fluid be kept down to a few 
cc API. 


c. Formation conserving properties. For the 
time being this is just a name which is meant 
to cover one or more physical phenomena, the 
exact nature of which is not-yet fully under- 
stood. Gradually, and more particularly in the 
course of the last ten years or so, a number 
of special drilling fluid compositions have been 
developed that for some far from completely 
explained reasons appear to be particularly 
suitable for a comparatively trouble-free 
penetration of unstable shales, in spite of even 
rather prolonged open-hole periods. These 
fluids therefore are said to possess “formation 
conserving” qualities. Sodium silicate muds, 
“red muds’ (very high tannin and caustic soda 
content) and “limed red muds’ are’ well-known 
representatives of this class, as are certain oil- 
in-water emulsified drilling fluids. As a rule 
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these muds show a yood plastering behaviour 
and this should be a beneficial factor, but 
probably is not the complete story. It would 
seem that physico-chemical properties of the 
fluid-phases of these muds might also play a 
role, e.g. by affecting the surface of rock 
cracks and solid contact points in such a way 
as to increase frictional resistance or, more 
generally, to counteract the inherent tendency 
of these rocks to fall apart. Here is another 
aspect of the unstable shale problem that 
would still seem to deserve a more systematic 
investigation (MILLS, 1927; BINGHAM, 1938; 
AMBROSE & LooMis, 1938; BAKER & GAR- 
RISON, 1939; VIETTI, 1949; HENKES, 1951). 

d. Rheological properties. According to still 
more recent experience, formation crumbling 
can also be reduced considerably by preventing 
the mudstream in the annular space (i.e. be- 
tween drill stem and formation wall) from 
flowing in the turbulent state. Although the 
forces exerted on the wall by this turbulence 
would seem to be relatively weak, they still 
might be strong enough to initiate the crumb- 
ling of cracked rocks. Practical evidence to 
this effect is accumulating from regions as far 
apart as Venezuela, the U.S.A. and Sumatra, 
and we cannot escape the conclusion that, to 
explain these experiences, the texture of a 
jointed shale must be rather loose, at least in 
the vicinity of the borehole. 

The change-over from laminar to turbulent 
flow depends on several factors of which the 
rheological properties of the circulating fluid 
are the least difficult to control. Thus the ex- 
cellent qualities of oil-in-water emulsion muds 
for the drilling in unstable shale rocks might 
also be explained — at least in part — by their 
inherent high viscosity. 


EXPLANATION OF THE PHENOMENON 

Although, as previously explained, potential 
unstability would appear to be a natural 
quality of all clayish sediments, it still has to 
be admitted that some shale beds are particu- 
larly notorious in this respect and may rightly 
be called “real unstable shales’. 

These usually are very thick monotonous 
sections of marine Tertiary shales, encountered 
at very great depth and often underlain by 
abnormally high-pressured reservoir sands. 
Particularly good examples are found in the 
Gulf Coast oilfield belt (Texas and Louisiana), 
but more or less similar conditions are also 
known from Rumania, India, Sumatra, Trini- 
dad and elsewhere (WıLson, 1937; BAKER & 
GARRISON, 1939; VIETTI, 1949). 

That unstability effects should be particu- 
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larly strong in shaly sediments under these 
conditions might be explained as follows. 

As we have seen, the rock pressure increases 
with depth. As a result of progressive com- 
paction the rate of this increase is slightly 
more than linear. The maximum rate will be 
about 0.27 kg/cm? per metre (1.17 psi per 
foot) at very great depth, but for practical 
purposes we may assume an average linear 
increase of about 0.23 kg/cm?/m (1.00 psi/ft). 

Besides this rock pressure, there is a reservoir 
pressure as measured at the face of reservoir 
rocks producing oil, gas or water. As it is well 
known from experience, this reservoir pressure 
is usually hydrostatic, i.e. equal to the pressure 
exerted by a column of water extending from 
the reservoir formation up to the surface, and 
thus increasing with depth by an amount of 
0.10 kg/cm? per metre (0.43 psi/ft) or slightly 
more as a result of the salt content of under- 
ground waters (see fig. 1). 

Thus at a depth of say 2000 m the rock- 
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Fig. 2. Abnormal pressure 
conditions in shales and 
reservoir rocks. 
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pressure would be about 460 kg/cm? (6530 
psi) and the reservoir pressure 200 kg/cm? 
(2840 psi). How do these two different pres- 
sures exist together at the same spot? 

As previously explained, the value of the 
rock pressure is necessarily defined by the bulk 
weight (mineral grains and interstitial fluids) 
of the overlying rock column. The value of 
the reservoir pressure, on the other hand, nor- 
mally cannot exceed that exerted by the weight 
of a continuous water column filling the space 
between the grains up to the surface or there- 
about, seeing that in porous formations there 
actually exists such a continuous column. As 
a result of this situation the tention in the 
pore water (reservoir pressure) can never 
carry more than a part of the weight of the 
overlying formations (rock pressure). The 
remainder (i.e. in the above case 460 — 200 = 
260 kg/cm?) must necessarily be carried by the 
reaction of the mineral grains to compression 
(grain pressure). This is the well known 


principle of soil mechanics expressed in the 
formula: 


rock pressure = reservoir pressure + 
grain pressure 


So far normal conditions of equilibrium were 
considered. It should be kept in mind, however, 
that the reservoir pressure need not always be 
equal to the pressure exerted by a water 
column of corresponding depth, but only tends 
to be that way as a result of the — usually — 
continuous porosity of sedimentary rocks. 
Whenever the rock pressure is increased (e.g. 
by additional sedimentation in a basin) the 
extra weight will be carried initially by an 
increase of reservoir pressure (water tension) 
which, thanks to the afore-mentioned con- 
tinuous porosity of the rocks, thereafter will 
gradually return to a normal hydrostatic value, 
the excess being taken over by an additional 
compression of the mineral grains (larger grain 
pressure and further compaction of the rock). 
Clearly, this adjustment of stress distribution 
will take time and, although in a porous rock 
column reservoir pressures in excess of hydro- 
static column weight must be considered to be 
unstable and of a transient nature, it is con- 
ceivable that under suitable conditions they 
may persist for considerable periods — even 
geologically speaking. 

Such suitable conditions may occur e.g. in 
young basins when sedimentation proceeds at 
a relatively fast rate. At shallow depth, where 
the distance to surface is short and the per- 
meability of the rocks still relatively high, the 
escape of excess water may still keep pace 
with the rapid increase of the rock pressure, 
but from the deeper levels it is a long way to 
the surface and moreover a “narrow” one as 
well, owing to porosity and permeability 
having already been reduced greatly by pre- 
vious compaction. Thus it is not uncommon 
for the drill to hit reservoir sands of an 
abnormally high pressure in the deeper ranges 
of such basins, and particularly beneath thick 
sections of shale which naturally exhibit a very 
great hydraulic resistance, long distance and 
advanced compaction) and thus are extremely 
bad hydrodynamic conductors. The Texas- 
Louisiana Gulf Coast basin is a classic example 
of this type and origin of high-pressure sands 
(Mırıs, 1937; DICKINSON, 1951). 

Another cause of excess pressure in reser- 
voir rocks may be a recent uplift and erosion 
of compacted rocks when sands beneath them 
have come closer to the surface, but have not 
had sufficient time yet to adjust their pressure 
to the shallower conditions by dissipation of 
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fluid through the compact caprock. 

Still another cause may be a recent and 
rapid build-up of the rock pressure by tectonic 
forces. All this is fairly well known. 

What is less generally realised, however, is 
that not only in the sands, but also in the shales 
adjoining these sands (see fig. 2) the water 
pressure must be abnormally high under such 
conditions, and that, as a necessary conse- 
quence of this latter (ref. above formula of 
soil mechanics) the grain pressure in these 
shales must be abnormally low. 

This latter will result in a reduced friction 
between the mineral grains, or between frag- 
ments of jointed and broken shale, which — 
in combination with the high fluid pressure 
prevailing in pores or fissures -— is quite likely 
to favour a more than normal tendency of just 
these shales to crumble and cave. 

Drillers sometimes state that they are “dril- 
ling in rotten shale’’ and claim that the shales 
are being “blown into the hole’. Both popular 
expressions would seem quite fittingly to des- 
cribe the particular reaction of these over- 
pressured shales to penetration by the drilling 
bit. 


CONCLUSION 
Summarizing it would appear that: 


1. “heaving shale’' is not a special brand of 
shale, whilst moreover the term “heaving” 
could better be discarded. 


2. all clays and shales, however, are poten- 
tially unstable, when a hole is dtrilled 
through them. 

3. owing to certain combinations of adverse 
external influences, some of these shales 
may turn into unstable shales “par excel- 
lence’. 

4. the best chances for effective control of 
unstable shale troubles would still seem to 
lie in the proper management of mudflush 


properties. 
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ON THE ORIGIN OF THE DRAINAGE SYSTEM OF BORNEO 
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SUMMARY 


The peculiar features of the drainage system of 
Borneo early attracted the attention of several 
geologists. MOLENGRAAFF a.o. tried to explain it by 
regional superposition from a blockfaulted paleogene 
sandstone plateau unconformably covering all older 
formations. Object of this paper is to point out that 
the theory of regional superposition is no more 
acceptable in the light of our present knowledge. 
The present river system of Borneo did not origi- 
nate by epigenesis but came into being on the 
initial relief in lower neogene time. The initial 
consequent riversystem rose on the initial main 
divides, occupied by the highest parts of the lower 
neogene relief, viz. the Schwaner Mts. and the 
Semitau-Kuching ridge. Consequently neither the 
Kapuas nor the Mahakam river are true epigenetic 
rivers as generally accepted. Each of them had 
another, more complex developmental history, 
throwing an interesting side light on the youngest 
geological history of Borneo. 

The plio-pleistocene phase of diastrophism brought 
about important changes in the initial neogene 
morphology. A broad mountain system traversing 
the island from the Kinabalu Range in the North 
to the Schwaner Mts. and the Karimata Islands in 
the South did originate the present main divide 
(Karimata divide). The uparching of the Karimata 
divide disrupted in several places the initial drainage 
system and initiated a new consequent river system, 
which developed to the present drainage system. 
Many dominant mountains of Borneo, however, are 
remnants of old, now largely dissected neogene 
watersheds, which fact explains their eccentric 
position with respect to the present main divide 
and drainage system. 


INTRODUCTION 


The drainage system of Borneo shows many 
peculiar features. No wonder that they have 
attracted the attention of several investigators, 


1 Geological Institute, University of Amsterdam. 


who carried out geologic exploration work in 
this largest island of the Malay Archipelago. 

The most detailed account on the origin of 
the drainage system of Borneo was given by 
G. A. F, MOLENGRAAFF; first in the well 
known book on his geological explorations in 
Central Borneo (1893-1894), published in 
1900 (Dutch edition) and in 1902 (English 
revised edition), and some years later (1909) 
in a special paper on the rivers of the island 
of Borneo in connection with its geologic 
structure. 

MOLENGRAAFF early called attention to the 
peculiar behaviour of the Kapuas and Maha- 
kam rivers, the largest and third largest rivers 
of Borneo. Both rivers do not show the normal 
simple scheme, but rather a repetition or 
recurrent type, which in MOLENGRAAFF'’s 
opinion was due to their being true progenetic 
or antecedent rivers. 

Considering the drainage system of Borneo 
it further strikes, that the whole southern half 
of the island is drained by rivers flowing in a 
meridional direction, emptying into the Java 
Sea. This holds good e.g. for the Barito, 
Kapuas Murung, Kahajan, Ketingan, Sampit, 
Serujan, Arui and Lamandau R. (Fig. 1). 

In the entire northern part of Borneo, the 
rivers generally run in a transverse direction. 
This holds good e.g. tor the Kapuas, Lupar, 
Redjang and Baram R. emptying into the China 
Sea and for the Mahakam, Berau, Kajan (or 
Bulongan), Sesajap and Kinabatangan R. 
emptying into the Makassar Strait, Celebes 
Sea and Sulu Sea. 

Excepted from this scheme are the small 
rivers rising on the younger coast ranges like 
the Meratus-Samarinda Range, the Ularbulu 
Range and the Harewood-Crocker Range. 

In MOLENGRAAFFs opinion this curious 
contrast between transverse and meridional 
drainage pattern was due to regional super- 
position. For the initial drainage pattern came 
into being on the paleogene plateausandstone 
and was afterward superposed upon the under- 
lying older formations. In the southern part of 
Borneo these pretertiary rocks do not show any 
well-defined trend forcing the rivers to change 
their courses, whereas they show in the central 
and northern part of the island a distinct 
transverse trend. 

A striking geomorphic feature, finally, is the 
eccentric position of many dominant peaks and 
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Fig. 1. Sketchmap of Borneo indicating the localities mentioned in the text. 


mountains with respect to the drainage system 
and the apparent independence of prominent 
mountain ranges from the present main water- 
shed. No reasonable explanation could be given 
up till now for this remarkable fact. 

The object of this paper is to show that: 


1. the theory of regional superposition is no 
more tenable in the light of our present 
knowledge; 


2. the Kapuas and Mahakam R. are not ante- 
cedent rivers; 


3. the eccentric position of many peaks and 
mountains with respect to the drainage 
system is due to an important shift of the 
major part of the main watershed in plio- 
pleistocene time. 


The author is particularly indebted to his 
assistent Miss C. LOKKER for the skill with 
which she has transformed outline pencil 
sketches into the diagrams used to illustrate 
this paper, and to his assistant Mr. H. W. VAN 
TELLINGEN for his valuable assistance in pre- 
paring this paper. 


MOLENGRAAFFS THEORY OF REGIONAL 
SUPERPOSITION 


Examining MOLENGRAAFF's theory of regio- 
nal superposition of the present drainage 
system in Borneo, we must realize that it was 
based on the geological knowledge at that 
time. Next the validity of the theory will be 
tested therefore in the light of our present 
knowledge. 

According to MOLENGRAAFF (1909) almost 
the whole of Borneo was covered by the sea 
at the beginning of the Tertiary. Consequently 


- all pretertiary formations have been covered in 


old tertiary time unconformably by a sand- 
stone formation, many hundreds of metres 
thick, the s.c. „plateausandstone”. The thick- 
ness of the plateausandstone has been least in 
the highest parts of pretertiary Borneo as e.g. 
in the highest portion of the Upper Kapuas 
Mts. in Central Borneo and in the granite area 
of the Schwaner Mts. Even it is uncertain, 
whether the highest peak of the Schwaner Mts., 
i.e. Mt. Raja (2278 m), ever has been sub- 


merged and whether the plateausandstone was 


_ deposited here. 


In young tertiary time the plateausandstone 
was upheaved to a height of at least 1800 m. 
This uplift, however, was not everywhere the 


same. In the riverbasin of the Barito, the Lower 


- 


Mahakam and the Lower Berau the sandstone 


s 
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was not raised above sealevel. The same seems 
to hold good for the Lower Kapuas river. In 
Central Borneo the upheaval was no more than 
uniform. In W. Borneo the sandstone plateau 
was already divided during the uplift into 
transversal blocks separated from each other 
by faults. From S to N one might distinguish 
the Schwaner plateau and the Madi plateau, 
both with a gentle northward slant and the 
base of the Müller Mts., where the sandstone 
lies horizontally. In the Batu Lesong plateau 
the sandstone dips gently toward the south, 
whereas it lies horizontally upon the mountain 
divide between the Mahakam and Kajan river 
and on the Kajan highplateau,. Thus the 
initially joined and uniform sandstone plateau 
has been divided and reduced in size by 
tectonic as well as by erosional forces. The 
greatest still joined sandstone complex would 
be found in the Kajan highplateau, though 
already dissected by the streams too. 


As soon as the sandstone plateau was raised 
above sealevel the present drainage system of 
Borneo came into being while according to 
MOLENGRAAFF the irregularities of the uplift 
indicated the initial rivercourses. E to W and 
N to S or reversed directions prevailed cor- 
responding either with the dips of the indivi- 
dual blocks of the sandstone plateau or with 
their direction a.o. at the boundary between 
two blocks. 


All generally N to S £flowing rivers of S. 
Borneo emptying into the Java Sea originated 
at least as to their headwaters in the plateau- 
sandstone, where they got at once their 
present meridional courses. When these rivers 
had trenched the sandstone, which is now cut 
away for the greater part by erosion, but in 
which still flow their upper and middle courses, 
they were superposed upon the underlying 
older formations. These pretertiary rocks 
mainly consist of granites and soms schists 
without any well-defined trend forcing the 
rivers to change their courses. 

In the northern part of Borneo the rivers 
generally flow at right angles to this direction. 
MOLENGRAAFF surmised that this contrast be- 
tween the southern and northern half of the 
isiand resulted from the fact that more toward 
the N in the region of the Kapuas and the 
Mahakam river the pretertiary formations were 
all folded with E to W trend. 

The Kapuas river, except the great Melawi 
tributary, does not show the influence of the 
initial sandstone cover any more. T'he plateau- 
sandstone has been almost entirely worn away 
up to the sources of the Kapuas. Consequently 
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the river was superposed upon the underlying 
pretertiary formations and mainly adjusted its 
course to their structure which now was cut 
into, 

The Mahakam river on the other hand 
demonstrates to a much higher degree the 
influence of the initial sandstone plateau, in 
which it originated. 

According to MOLENGRAAFF some head- 
waters of the Mahakam rise on the remnants 
of the plateausandstone, which here still un- 
conformably and horizontally cover the older 
formations. Further downstream up to the 
mouth of the Hobong river, a right hand 
tributary, the upper course of the Mahakam is 
a transverse valley cutting with many falls and 
rapids through numerous sharp crested moun- 
tain ridges and showing little agreement with 
geologic structure. In MOLENGRAAFF’s opinion 
this part of the Upper Mahakam is epigenetic 
and originated on the sandstone plateau with 
a meridional trend being afterwards super- 
posed upon the underlying older formations. 


Further down the river the Mahakam makes 
a big bend now flowing with little fall from 
W to E in a longitudinal valley along the 
northern slope of the Batu Lesong sandstone 
mountains, following the trend of the gently 
southward slanting sandstone layers. Still 
further downstream the Mahakam takes again 
a meridional course cutting through the Batu 
Lesong sandstone plateau in a deep and narrow 
(often but 20 m wide) canyon with almost 
perpendicular walls. MOLENGRAAFF considers 
it as the primary drainage of the sandstone 
plateau, which most probably originated with 
a great waterfall. At present retrogressive 
erosion already reduced this big fall to a 
number of dangerous rapids, the s.c. “lower 
rapids” of the Mahakam river. 


The Kajan river runs from its sources up to 
the great Bembrem rapids over the Kajan high- 
plateau traversing in an ill-defined course with 
little fall a hilly country. According to MOLEN- 
GRAAFF (l.c.) the hilltops consist of horizontal 
plateausandstone, whereas the riverbeds al- 
ready have been cut into the steeply folded 
underlying Pretertiary. The impassable Bem- 
brem rapids, separating the Kajan highplateau 
from the lowland, were probably formed by 
the eastern front of the highplateau and in that 
case they would be genetically comparable 
with the “lower rapids’’ of the Mahakam river. 
The Kajan river below the Bembrem rapids 
runs for the greater part in the eastern con- 
tinuation of the Upper Kapuas Mts. in agree- 
ment with their W to E trend, just as the 


Kelai and Segah (main tributaries of the Berau 
river) and probably the Sesajap river. 

The Lupar and Redjang rivers seem ac- 
cording to MOLENGRAAFF (l.c.) to have ad- 
justed their present courses mainly to the trend 
of the Upper Kapuas Mts. 


SEDIMENTARY RECORD AND 
PALEOGEOGRAPHY OF THE PALEOGENE 


In this chapter the validity of MOLEN- 
GRAAFF's theory of the regional superposition 
of the drainage system of Borneo will be dis- 
cussed in the light of our present geological 
knowledge. In the first place it will be tested 
whether the paleogene sandstone formations, 
in which the present drainage system would 
have originated, actually had the almost ex- 
clusively continental facies and the widespread 
distribution as was assumed by MOLENGRAAFF. 

Newer data on the Paleogene of Kalimantan, 
the Indonesian part of Borneo, were published 
by ZEYLMANS VAN EMMICHOVEN (1935, 1938, 
1939), partly in coöperation with TER BRUG- 
GEN (1935) and UBAGHS (1936) and were 
summarized by VAN BEMMELEN (1949). A 
detailed account of our present geological 
knowledge of British North Borneo recently 
was published by REINHARD and WENK 
(1951). From these data the following outline 
of the paleogene development of Borneo may 
be given. 

Since Borneo was baselevelled at the end of 
the Mesozoic, a general subsidence caused 
extensive transgressions of the sea over the 
island and transformed Borneo into an archi- 
pelago. For, the facies of the lower tertiary 
sediments is indicative of the existence of 
several pretertiary islands, surrounded by 
shallow seas and lagoons, while especially in 
Central, East and Northwest Borneo geosyn- 
clinal conditions prevailed. The following areas 
remained continuously or temporarily above 
sealevel during the Paleogene: 


l. Southwestern Borneo, called „Kristallini- 
cum” by ZEYLMANS VAN EMMICHOVEN (1939) 
and “Basement Complex” by VAN BEMMELEN 
(1949), It represents the more or less stable, 
continental Sundaland, whereof the Schwaner 
Mts. are the central part. Sundaic Borneo was 
formed by repeated pretertiary cycles of 
orogenesis with accompanying plutonic intru- 
sions, followed by a long continued process of 
wearing away up to the present day. It was 
not subjected to tertiary diastrophism but only 
to volcanic activity in probably mid tertiary 
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time. Mt. Raja )2278 m), the highest summit 
of the Schwaner Mts. consists of these ter- 
tiary volcanic rocks. 


2. The central tectonic axis of Borneo, 


named “Kuching zone” by VAN BEMMELEN 


(1949). This Kuching belt belongs to the pre- 
tertiary mountain system and came into being 
toward the end of the Mesozoic as a median 
tidge along the central axis of the cretaceous 
geosyncline. It extends W-E between the 
Schwaner Mts. and the Upper Kapuas Mts. 
Northeast of the Schwaner Mts. the central 
tectonic axis begins to plunge under marine 
tertiary strata, but its continuation can be 
traced in the elevated pretertiary belt of N. 
Kutei and in the exposures of pretertiary rocks 
further N.E. at Mt. Kemul (1847 m) on the 
watershed between the Kajan and Telen rivers 
and in the Kajan river upstream the Bembrem 
rapids. Thence it most probably extends north- 
ward into British territory, where it plunges 
again under tertiary sediments. 


During the Palaeogene the western part of 
the central Kuching zone, named “Semitau 
ridge”, formed a low elevation above sealevel 
separating an oblong estuarine basin of about 
350 km length and 100 km width (the Melawi 
basin) in the South from the open sea in the 
North. The plateausandstones with their typi- 
cal terrestrial facies were deposited on the 
crest of this Semitau ridge. Their main develop- 
ment lies in the Madi upland and Mt. Alat. 
From here they extend westward to Serawak 
and the Landak river and eastward via the 
catchment area of the Barito river into eastern 
Borneo. Farther eastward the Semitau ridge 
(central Kuching belt) disappears as stated 
above below the marine Paleogene of E. 
Borneo. 

The Melawi basin situated between the 
Semitau ridge in the North and the Schwaner 
Mts. in the South, was filled up with brackish- 
estuarine paleogene sediments. It extends from 
the Kembajan Mts. in Landak via Sintang at 
the Kapuas to the catchment area of the 
Melawi. The last relic of this basin was formed 
by a marginal shallow lagoon (the Silat lagoon) 
which was gradually freshened and finally 
silted up too. 

North of the Semitau barrier the marine 
facies of the Paleogene was developed. It 
occurs between the Lupar and the Ulpper 
Kapuas river as well as East of the Lakes 
District in the Upper Mahakam river. For the 
greater part it is covered by the alluvial 
deposits of the Lakes District of the Upper 
Kapuas river. 
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Due to a gradual subsidence of the Semitau 
tidge the terrestrial plateausandstones extended 
across this rise partly into the southern Melawi 
basin and partly into the northern marine zone 
after the latter had been silted up. Conse- 
quently the brackish Melawi Paleogene as well 
as the marine northern Paleogene pass here 
upwards into the continental plateausandstone 
facies. In the Müller Mts. E of the Lakes 
District, however, the marine Tertiary merges 
vertically into a terrestrial volcanic facies, 
formed by effusive rocks and tuffs, as at the 
end of the Paleogene volcanism became very 
active on the Semitau ridge and its flanks. 


Another basin in the Semitau zone was the 
Ketungau basin, lying on top of the’ plateau- 
sandstones NW of the Kapuas river. This 
basin was filled by brackish-marine deposits 
of probably paleogene, in their upper part 
possibly already of lower neogene age. 


In the open sea farther North of the Semitau 
tidge geosynclinal subsidence prevailed during 
the lower Tertiary. So the Paleogene was 
probably deposited here under continuous 
marine conditions. At the end of the lower 
Tertiary this geosynclinal belt was strongly 
compressed (isoclinal folding, up- and over- 
thrusts) causing a retreat of the sea. 


3. The Kemul island. As stated above the 
northeastern continuation of the central Ku- 
ching belt can be traced in the exposures of 
pretertiary rocks at Mt. Kemul (WWITKAMP 
1927, p. 111} and upstream the Bembrem 
rapids (HARTING 1930, p. 179) in NE Borneo. 
The transgression of the highest part of the 
lower Tertiary over the pretertiary formations 
in the Kelai region (HARTING 1925, p. 206) 
points to the existence of dry land during the 
lower Paleogene. Possibly the paleogene sand- 
stones, which unconformably cover the Pre- 
tertiary of the Kemul island represent the same 
typical terrestrial plateausandstone of the 
Semitau ridge. 


4. The Labuk- and Segama islands. In N 
Borneo existed some larger pretertiary uplifts 
in paleogene time. REINHARD and WENK 
(1951) consider it very likely that the pre- 
tertiary belt, stretching from the NW to the 
SE corner of N. Borneo, consisted of an arc 
of islands up to the end of the Miocene. They 
assume, that the pretertiary Labuk- and Se- 
gama areas have been temporarily and locally 
dry land, exposed to weathering and erosion, 
but they were also partly submerged and 
covered by a shallow sea and lagoons. 'T’he 
Labuk and Segama blocks were separated by 
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a deep and important depression, the Kina- 
batangan channel, which had the character of 
a trough and which connected the basin on the 
present NE coast with that in the interior and 
with the Serawak and Tarakan basins. 


From this sedimentary and paleogeographic 
record it appears that the paleogene deposits, 
which unconformably cover the older forma- 
tions are far from representing an almost ex- 
clusively continental facies, as was MOLEN- 
GRAAFF’s opinion, but that they consist of a 
mixed continental, brackish and marine series. 
The main development of the terrestrial pla- 
teausandstones is found only on the crest of 
the Semitau barrier. From here it merges 
laterally into the brackish facies of the Mela- 
wi, Silat and Ketungau basins, into the vol- 
canic facies of the Müller Mts. and into the 
marine facies of Central and Eastern Borneo. 
Possibly the typical terrestrial plateausand- 
stones still have been deposited in the Kemul- 
Bembrem area. 


It seems highly improbable, that Sundaic 
Borneo and its central part, the Schwaner Mts. 
ever have been covered by paleogene plateau- 
sandstones. In Central Borneo the Upper Ka- 
puas Mts. neither were capped by terrestrial 
sandstones, as the Paleogene was deposited 
here exclusively in a marine facies and more- 
over was strongly folded. The paleogene sand- 
stones with Camerinae and Discocyclinae of 
the Batu Lesong Mts. S. of the Upper Maha- 
kam river represent as well a marine facies. 


The Nieuwenhuis or Iran Mts. and the 
Apokajan highplateau, where the greatest still 
joined sandstone complex would be found ac- 
cording to MOLENGRAAFF are unconformably 
covered by the volcanic Apokajan complex 
(lava's, tuffs and tuffagglomerates) of upper 
neogene and (or) pleistocene age (ZEYLMANS 
VAN EMMICHOVEN, 1938, p. 147). 


Collectively it may be stated that the dis- 
tribution of the terrestrial plateausandstones is 
much more restricted than formerly was sup- 
posed by MOLENGRAAFF. 


In the second place we have to check, 
whether the initial drainage system came into 
being on a block-faulted plateau, when Borneo 
was raised above sealevel as pointed out by 
MOLENGRAAFF. 


During the Paleogene differential crust- 
movements accentuated the existing relief, for 
they partly caused a subsidence as e.g. of the 
Semitau ridge, partly an uplift of the pre- 
tertiary islands accompanied by a deepening 
of the surrounding basins as e.g. in N. Borneo. 


In Central Borneo a strong downwarp of the 
crust brought about continued subsidence. 

At the end of the Paleogene and the begin- 
ning of the Neogene a phase of diastrophism 
took place. This diastrophism was the most 
important tertiary orogeny in N Borneo and 
much more intensive in N and Central Borneo 
than S of the Upper Kapuas region. It was 
connected and followed by volcanic activity. 

In Central Borneo (Upper Kapuas Mts., 
Iran Mts., Apokajan region) the Pretertiary 
and lower Tertiary were folded almost to the 
maximal compression. This intense folding 
caused a regional phyllitization, including the 
Paleogene. Central Borneo was subjected to a 
first non-volcanic impulse of elevation giving 
rise to a retreat of the sea. However, this 
regression had not yet the meaning of a 
primary tectogenetic rise, which occurred in 
the course of the Neogene, when the Kapuas 
Mts. were arched up (VAN BEMMELEN, 1949, 
PR 

In N. Borneo part of the pretertiary and 
tertiary sediments were folded, imbricated and 
uplifted, which orogenesis was accompanied 
by igneous intrusions (Mt. Kinabalu) (REIN- 
HARD and WENK, 1951, p. 21). 

Unlike in N. and Central Borneo the Paleo- 
gene S of the Upper Kapuas region shows 
mainly cratogene folding. The central Kuching 
belt (Semitau ridge-Kemul area) was arched 
up to a volcanic upland. The Melawi, Silat 
and Ketungau basins were in the main gently 
folded with transversal axial trends and became 
dry land. At present they are still tectonic 
depressions in which almost only paleogene 
sediments are exposed. Volcanism became 
very active on the Semitau ridge and its flanks 
(Müller Mts.). In the Schwaner Mts. volcanic 
activity produced dacitic, andesitic and basaltic 
intrusions and extrusions. The highest summit 
(Mt. Raja, 2278 m) consists of these younger 
volcanic rocks, as already stated above. 

In the geosynclinal areas of E. Borneo the 
oligo-miocene diastrophism caused a partial 
emersion and temporary erosion, but soon the 
sea could ingress again, owing to the con- 
tinued geosynclinal subsidence. 

From the foregoing it appears that after the 
oligo-miocene diastrophism Borneo was no 
more an archipelago but that it was trans- 
formed into a greater landarea, that remained 
above sealevel up to the present day. The dia- 
gram of fig. 2 attempts to give an impression 
of the morphology of this landarea. 

It seems highly probable that the present 
drainage system came into being in lower 
neogene time as assumed by MOLENGRAAFF. 
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Fig. 2. Borneo in lower neogene time. 


However the initial trunk river system did not 
originate in an extensive upheaved and block- 
faulted sandstone plateau but in a more or less 
folded landscape showing lowlands and up- 
lands, basins and ridges, as shown in fig. 2. 
Consequently the initial rivercourses were not 
indicated by the slant and irregularities of the 
faulted blocks of a capping sandstone plateau, 
but by the ridges and depressions of this lower 
neogene landscape. Moreover we are forced 
to conclude that the present drainage system 
came not into being by regional superposition 
and epigenesis, but that it originated on the 
initial relief of Borneo in lower neogene time. 


THE INITIAL LOWER NEOGENE 
DRAINAGE SYSTEM 


In order to reconstruct the initial lower 
neogene drainage system we first have to 
examine the lower neogene morphology and 
the situation of the main watersheds and 
basins more in detail (fig. 2). 

It goes without saying that the initial main 


divides were occupied by the highest parts of 
the lower neogene relief, viz. the Schwaner 
Mts. and the Semitau-Kuching belt including 
the Kemul uplift. It is worth while to note, 
that the Schwaner Mts. still belong to the 
present main divide of Borneo. The initial 
Semitau-Kuching divide, however, has been 
largely dissected and dissolved into secondary 
watersheds by important later changes of the 
drainage system as will be set forth below. 


Rising on these initial main divides the fol- 
lowing initial consequent main rivers must have 
flowed in lower neogene time. 

1. The Melawi-Kapuas river. — The Mela- 
wi basin, as stated above at present still a 
tectonic depression, in which almost only 
paleogene sediments are exposed, was framed 
by the Schwaner Mts. in the South and the 
Semitau barrier in the North. The latter still 
separated the Melawi basin from the Ketungau 
basin and the Upper Kapuas basin in the 
North. Consequently the Melawi-Kapuas only 
drained the Melawi basin and was not yet con- 
nected with the Ketungau and Upper Kapuas 
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river. Doubtlessiy Sundaic Borneo reached 
much further West and South at that time, so 
that the Melawi-Kapuas river likewise emptied 
much further West into the China Sea. 


2. The Mahakam-Kapuas river. — Accord- 
ing to VAN BEMMELEN (1949, p. 330) the area 
of the Upper Kapuas Mts. was presumably 
subjected to a first impulse of elevation in the 
lower Neogene. The present Kapuas Lakes 
District, however, situated between these 
moderately elevated Upper Kapuas Mts. in the 
North and the Semitau barrier in the South was 
still a great bay, connected with the open sea 
by a narrow NW-SE graben along the present 
Upper Lupar River (Engkilili). This Engkilili 
graben still contains marine Neogene. Conse- 
quently the initial Ketungau river and other 
tributaries of the Upper Kapuas emptied into 
this Kapuas bay. 

The depression between the initial still low 
Upper Kapuas Mts. and the Semitau-Kuching 
divide stretched from the Kapuas bay much 
farther east into the present Upper Mahakam 
region. Consequently the upper reaches of the 
Mahakam river N. of the Kuching divide 
originally must have been headwaters of the 
Upper Kapuas river. This former connection 
is still demonstrated by the curious ill-marked 
and marshy watershed between the Bungan 
river (a left hand tributary of the Upper Ka- 
puas) and the Hobong (or Howong) river, a 
right hand tributary of the Upper Mahakam 
(NIEUWENHUIS, 1904-1907, I, p. 244/45). The 
former E-W course of the Hobong river is 
still demonstrated by its winding middle course 
traversing a hilly country, a quite unusual 
picture for an original headwater, The former 
reversed course of the transverse part of the 
Upper Mahakam between the mouth of the 
Hobong and the Boh river is demonstrated by 
a noteworthy low fall especially between 
Long* Bluü and Long Tepai (20 m over 68 
km). The Upper Mahakam river flows here 
with numerous meanders in an open, in some 
places up to 200 m wide valley. 

According to MOLENGRAAFF (1909, p. 708) 
the Upper Mahakam upstream the mouth of 
the Hobong river was superposed from the 
terrestrial plateausandstone, which unconfor- 
mably and nearly horizontally covered the 
older folded formations. Some headwaters of 
the Upper Mahakam river would stil rise on 
the relics of the paleogene sandstone cover, 
now largely stripped away. At present we 
know, that the horizontal paleogene plateau- 
sandstones never occurred here, because all 


2 Long = river mouth. 


paleogene sediments in this area were deposited 
in a marine facies and moreover were strongly 
folded and phyllitized afterwards. The over- 
lapping sandstone cover observed by NIEUWEN- 
Huis (1904-1907, II, p. 63 and 65) in the Sliku 
and Slirung headwaters of the Upper Maha- 
kam and taken by MOLENGRAAFF ® (1909, p. 
708) for plateausandstone, appeared to be a 
capping of volcanic lavas, tuffs and tuff- 
agglomerates, which according to ZEYLMANS 
VAN EMMICHOVEN are of neogene and/or 
quaternary age (1938, p. 145). 

3. The Kajan-Redjang river. — North of 
the Upper Kapuas Mts. the Nieuwenhuis or 
Iran Mts., at present a part of the main divide 
of Borneo, did not yet exist. Consequently the 
rivers rising on the northwestern slope of the 
Kuching divide emptied into the China Sea. 
The most important one was the Kajan-Red- 
jang river, rising on the Kemul uplift and run- 
ning to the West. The former connection 
between the Upper Kajan and Upper Redjang 
river is still demonstrated by a very low dry 
gap (between 450 and 900 m)* in the present 
main divide (Iran Mts.). The former reversed 
course of the Upper Kajan river is still demon- 
strated by its ill-defined course with little fall 
between low hills over the Upper Kajan high- 
plateau. 

On the southern and southeastern slopes 
of the Schwaner Mts. and the Kuching divide 
rose numerous smaller rivers emptying into the 
neogene geosyncline or SE Borneo. The 
major part of these initial consequent rivers 
became the headwaters of the present N to S 
flowing rivers of S Borneo, emptying into the 
Java Sea. They did not get their meridional 
courses by superposition from a plateausand- 
stone cover, but originated on the southern 
slopes of the Schwaner Mts. and the emerging 
Kuching divide. 

The important phase of oligo-miocene 
diastrophism was followed by a period of 
erosion and baselevelling. Lower neogene 
peneplains are of common occurrence and still 
play an integral part in the present morphology. 
of this oldest portion of Borneo, 

After the oligo-miocene diastrophism and 
subsequent period of erosion the geosynclinal 
basins deepened and young tertiary strata again 


® MOoLENGRAAFF could not study the samples col- 
lected by NıEuwEnHuis, because these were lost due 
to an accident at the dangerous Matandow Fall 
(Fall of the Sun) in the Upper Mahakam on the 
return journey (NıeuwenHuis 1904-1907, II, p. 71). 
* According to the topographic map of Borneo 


1 : 500.000 (Hind 5002, sheet NA 50/SW. Nawan. 
First edition 1945). 
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Fig. 3. Borneo at the end of the Neogene. 
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transgressed upon the older formations. The 
Schwaner Mts. and the mountain range of the 
Kuching belt still formed the main divide and 
supplied the abundant detrital and carbona- 
ceous material which occur in the younger 
Neogene. In N. Borneo dry land existed in the 
Labuk and Segama blocks North and South of 
the Kinabatangan valley. The latter formed a 
‘ deep and important depression up to the end 
of the Miocene (REINHARD and WENK, 1951, 
DE30): 


THE DEVELOPMENT OF THE DRAINAGE 
SYSTEM SINCE THE PLIO-PLEISTOCENE 
PHASE OF DIASTROPHISM 


During the Upper Neogene and Quaternary 
a new phase of diastrophism took place giving 
rise to important changes in the morphology 
of the island. This new field of stresses had a 
transverse direction, consequently the younger 
tectonic and morphologic lines of Borneo have 
a meridional trend. 

In southwestern Borneo some broad epeiro- 
genetic movements of the crust involved e.g. 
the rise of the Schwaner Mts. These crust- 
movements were accompanied by some local 
outflows of continental basalts. 

The main orogenic revolution occurred in 
Central Borneo, which was subjected to a 
second impulse of upheaval. This time the 
magma could reach the surface, giving rise to 
volcanic activity in the area of the Iran Mts. 
and the Apokajan on the crest of its broadest 
part (VAN BEMMELEN, 1949, p. 359). The 
area between the present Mahakam and Ka- 
puas drainage basins was elevated, disrupting 
the course of the initial Mahakam-Kapuas and 
forming the present divide between Upper Ka- 
puas and Upper Mahakam (fig. 3). Due to this 
uparching the Tertiary of the Upper Kapuas 
basin, which once formed a continuous deposit 
with the Tertiary of the Upper Mahakam area 
is now largely stripped away by erosion in the 
tectonic inlier of the Upper Busang, a head- 
water of the Barito (ZEYLMANS VAN EMMI- 
CHOVEN, 1938, p. 141/2). 

North Borneo gradually emerged from the 
sea and became dry land while the Kinabalu 
Range was pressed up. 

Collectively a broad mountain system pro- 
ceded from the above crustmovements, which 
traverses the island from the Kinabalu Range 
in the North (with Mt. Kinabalu, 4100 m, the 
highest summit of Borneo), via the Iran Mts. 
and the Müller Mts. to the Schwaner Range 
(with Mt. Raja, 2278 m, the highest summit of 
Kalimantan, the Indonesian part of Borneo) in 


the SW. This complex mountain system forms 
the present main divide of the island, from 
which the initial Semitau-Kuching and Upper 
Kapuas divides branch off as secondary 
watersheds. 


From the Schwaner Mts. the main divide 
ran further on across the present Karimata 
islands to Billiton and Banka, forming the 
main divide of the pleistocene Sundaland, 
which MOLENGRAAFF (1920, p. 414) proposed 
to call the Karimata divide. 


Actually this Karimata divide consists of 
two parts, from which the portion South of 
the Semitau ridge already existed in lower 
neogene time and consequently is much older 
than the portion North of the Semitau ridge, 
which came into being not before the end of 
the Neogene. This disparity in age of the 
Karimata divide South and North of the old 
Semitau ridge is clearly demonstrated by the 
morphology. 


In the first place the southern older portion 
of the Karimata divide is very low. The sum- 
mits of the dividing mountains do not reach 
a greater height than about 1700 m, excepted 
Mt. Raja (2278 m) a younger plutonic body. 
The major part of the Karimata divide does 
not exceed here a height of 600-700 m. 


In the second place this southern part of 
the Karimata divide is interrupted in many 
places by mountain-passes, which often are 
surprisingly low. East of Mt. Maja e.g. in the 
catchment area of the Ambalau river, a left 
hand tributary of the Melawi, passes are met 
with not more than 200-300 m above sealevel. 
As most headwaters of the north- and south- 
flowing rivers are navigable up to some km’s 
from the watershed, the natives use to trail 
their small vessels over the waterparting to 
continue their journey in an adjacent river 
basin (ENTHOVEN, 1903, p. 247). 


The northern part of the Karimata divide 
on the contrary: shows less mature features 
and is occupied by the high mountain com- 
plexes of the Iran Mts. (more than 2000 m), 
the Apo Duat Mts. (or Tama Abu Range) 
with Murud Peak (2438 m) and the Trusmadi- 
Kinabalu Range with Mt. Kinabalu (4100 m). 
The passes, apart from the dry gap of the 
former Kajan-Redjang river, are formed by 
elevated and dissected peneplained country 
rather than by pronounced morphological de- 
pressions, 


The development of the main rivers of the 
drainage system will be treated more in detail 
in the following lines. 


y 
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The Kapuas river. — As stated above the 
Kapuas bay still communicated with the open 
sea in neogene time by the Engkilili graben, in 
which neogene marine sediments have been 
deposited (fig. 2). How long this connecting 
passage did exist is not certain because the age 
of the Engkilili Neogene could not be exactly 
defined palaeontologicaliy. ZEYLMANS VAN 
EMMICHOVEN and TER BRUGGEN (1935, p. 
100) surmise a young neogene age. After its 
deposition the Engkilili Neogene has been 
folded and subsequently faulted. The exact 
age of these crustmovements could neither be 
fixed, because of the lack of younger deposits, 
which might mark an unconformity; but it 
seems probable that they took place during the 
uparching of the Upper Kapuas Mts. in young 
neogene time. In any case the open communi- 
cation of the Kapuas bay with the China Sea 
was blocked up and the Kapuas bay due to 
the general uplift of the whole Upper Kapuas 
area most probably changed into an immense 
lake or lakes district, situated above sealevel. 

How much was the elevation of the Upper 
Kapuas Lakes District and how was its 
drainage? 

According to MOLENGRAAFF (1902, p. 469/ 
70) the Upper Kapuas plain was upheaved to 
a higher level than the Semitau ridge and con- 
sequently it was drained by a river already 
flowing at that time through the Semitau hills 
to Sintang. Afterwards the Upper Kapuas plain 
became relatively lower, and the Semitau ridge 
relatively higher, but notwithstanding this, the 
erosive action of the Kapuas river succeeded 
in keeping the bed of the river at a level low 
enough for the Upper Kapuas plain to be 
drained by it. MOLENGRAAFF therefore con- 
siders the Kapuas river between Semitau and 
Sintang as a true antecedent river. 


TER BRUGGEN (1935, p. 114) has pointed 
out two other possibilities: 


First, in spite of the blockade of the Eng- 
kilili graben the lake could have maintained a 
narrow outlet along the present lower course 
of the Lupar river downstream Lubuk Antu, 
where the river runs in a 14 m deep valley. 
At Lubuk Antu the Lupar river makes a sudden 
bend and in the angle the steep bank is so 
extensively undermined that pieces of soil 
occasionally break off and fall; hence it is called 
Lubuk Antu (= haunted corner). The Lupar 
river upstream Lubuk Antu is considered by 
TER BRUGGEN as a former right hand tributary 
of this Lupar-Kapuas river, because the present 
main divide runs between the Lupar and Red- 
jang rivers and not between the Lupar and 
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Kapuas rivers. The watershed between the 
latter does not differ from the secondary 
watersheds between the other large right hand 
tributaries of the Kapuas river. Later the 
Lupar-Kapuas was captured by the headwater 
erosion of a right hand tributary of the Melawi 
tiver, viz. the present Kapuas between Sintang 
and Semitau. Consequently the Lupar river 
became an independent river. The very low 
“pass” (72 m), where the road from Lubuk 
Antu to Nangah Badau crosses the watershed 


‚between the Lupar and Kapuas rivers would 


tepresent the dry gap, cut by the former 
Lupar-Kapuas river. 

According to the second possibility, sug- 
gested by TER BRUGGEN, the water of the 
Kapuas lake could have cut its way through 
the Semitau hills to reach the Melawi river 
near Sintang. 


The author favours the last suggestion be- 
cause in his opinion: 

l. our present knowledge of the geological 
history of the Upper Kapuas basin does not 
support MOLENGRAAFFSs view of a former 
much higher level of the Upper Kapuas Lakes 
District and consequently an antecedent course 
of the Kapuas river through the Semitau ridge. 

2. the very low gradient of the Kapuas 
river between Semitau and Sintang (5.8 m over 
155 km) tells against retrogressive erosion. 
Moreover it seems doubtfull, whether the low 
“pass” on the watershed between the Lupar 
and Kapuas basins may be considered as a true 
windgap. 

It therefore seems more acceptable that the 
blocked Kapuas Lake with its rapidly rising 
level due to the inflowing rivers of the 
entire Kapuas basin soon found an outlet on 
the lowest point near Semitau. On the other 
hand the Lupar river, formerly emptying into 
the Engkilili graben could cut a way to the 
China Sea by making a sharp bend toward the 
west and trenching a deep channel along the 
northern edge of the graben. 

More observations and further investigations 
are needed, however, to draw a definite con- 
clusion. 

The Mahakam river. — The disruption of 
the Mahakam-Kapuas river due to the up- 
arching of the Karimata divide forced the 
Upper Mahakam to take an easterly course 
and to look for a way seaward across the 
Semitau-Kuching divide. MOLENGRAAFF (1909, 
p. 709) surmised that the river initially cas- 
caded into the lowland from the sandstone 
cliffs of the Batu Lesong Mts. above. At 
present the Mahakam river cuts through the 


Fig. 4. Structural sketchmap of the lower Mahakam area (after van BEmMELENn 1949). 


former divide in a deep and narrow gorge 
between the Batuajan Mt. (1652 m) and the 
Pajang Mt. (1375 m), while retrogressive 
erosion meanwhile reduced the falls to a 
number of dangerous rapids, the s.c. “lower 
rapids’. The breaking through the Kuching 
divide was the birth of the present Mahakam 
river, which at that time emptied into the sea 
somewhere about Longiram. 


During the plio-pleistocene phase of diastro- 
phism next to the Karimata main divide a long 
belt of folds (the Meratus-Samarinda anti- 
clinorium) was pushed up from the geosyncline 
of S.E. Borneo. The folding and subsequent 
upheaval of the Meratus-Samarinda ridge 
caused at the same time the elevation of a 
transverse threshold in the parallel marine belt 
to the West, separating the Barito bay in the 
South from the Kutei bay in the North. At 
present this ridge is a broad hilly tract of less 
than 500 m altitude, forming the watershed 
between the Barito and Mahakam basin. 


According to VAN BEMMELEN (1949, p. 358) 
the rise of the Meratus-Samarinda range began 
in the South with the Meratus Mts. and from 
tnere it extended northward into the Sama- 
rinda anticlinorium, 


Initially the Kutei bay had a free commu- 
nication with the open sea, but soon the rising 
Samarinda ridge blocked the bay. Nevertheless 
the bay waters, served by tidal currents, may 
have found their way across the alternating 


sags and swells of the rising Samarinda ridge 
at their lowest points to keep an outlet free. 
Consequently the Samarinda anticlinorium 
before completely blocking the Kutei bay was 
intersected by a tidal channel from which 
originated the present Lower Mahakam. For 
in the period of warping that followed, when 
the Samarinda anticlinorium was arched up to 
the present median ridge, the Mahakam was 
forced to deepen its bed in the rising mountain 
range, fashioning the present entrenched bends. 


When the Kutei bay was completely blocked 
up and separated from the sea by the rising 
Samarinda anticlinorium it soon changed into 
an immense freshwaterlake. In quaternary 
time this great Kutei Lake was gradually filled 
up by the numerous inflowing rivers, which 
carried large quantities of debris from the 
surrounding mountain ranges. They formed 
great deltas at their points of issuance from 
the mountains and were forced to extend their 
coufses across an emerging and drying off 
lowland plain. Consequently their present 
middle courses represent for the major part the 
initial lower courses, while the present lower 
courses like those of the Kepala Rantau and 
Lower Bongan river must be considered as 
the extended lower courses of the Klindjau, 
Telen and Upper Bongan river as already 
noticed by WITKAMP (1925, p. 28 and 1928 a, 
p. 55). This process of gradually silting up is 
still going on and is demonstrated in the present 
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Lakes District of Central Kutei by systems of 
braided and engrafted rivers and numerous 
marshy lakes, which represent the last remnants 
of the initial great Kutei Lake. 


From the above it appears that the present 
Mahakam river consists of three parts of quite 
different age. The oldest part is the upper and 
middle course upstream Longiram, the next 
younger portion is the middle and lower 
course, where the river cuts through the 
Samarinda anticlinorium and the delta, while 
the youngest part is the pseudo-lower course, 
where the river traverses the Kutei Lakes low- 
land plain. 


The origin of the Lower Mahakam river as 
deduced from the morphologic development of 
S.E. Borneo disagrees considerably with the 
current views and therefore deserves a more 
detailed examination. 


About 50 years ago MOLENGRAAFF (1902, 
p. 470 and 1909, p. 710) pointed out that the 
Mahakam river had much in common with the 
Kapuas river. Both rivers do not show the 
normal simple scheme of: upper course — 
middle course — lower course, but rather a 
repetition or recurrent type, represented by the 
scheme: upper course — middle course — 
pseudo lower course (Lakes District) — middle 
course — lower course. "This complicated type 


‚was due to their being true progenetic or 


antecedent rivers. The Mahakam river already 
wound through a lowland plain in serpentine 
meanders when the present coast range (Sama- 
rinda anticlinorium) came into being. Notwith- 
standing the river could maintain its course 
through the rising anticlines now breaking with 
deeply entrenched meanders through the coast 
mountains. Since the antecedent course of the 
lower Mahakam river has been generally 
accepted without comment as something quite 
natural and has been compared with the ante- 
cedent transverse cut of the Solo river through 
the Kendeng anticlinorium in E. Java (VAN 
BEMMELEN, 1949, p. 20, 352, 353). 


Subjecting the lower course of the Mahakam 
river between the Lakes District and the delta 
to a morpho-tectonic analysis the following 
may be observed (fig. 4). From Ma. Muntai 
the river runs along the western limb of the 
Batudinding anticline in a northern direction. 


Not before this fold plunges down to the north 
the Mahakam river leaves the Lakes District 
taking a W-E course and joins the Kepala 
and Rantau tributaries. Then the river cuts 
through the Benuabaru and Sebutu anticlines 
where they show an axial depression. North 
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and South of Tenggarong the Mahakam river 
for part of the way follows the synclinal de- 
pression between the Sebutu and Pulu Jupa 
anticlines on the look-out for the best way to 
cross the wide axial depression of the latter, 
which is finally managed after joining the 
Djambajan tributary. The next Batu Panggal 
anticline is traversed likewise, where it shows 
an axial depression. Then the river for part of 
the way runs through the adjacent synclinal 
depression looking for the most favourable 
point to break through the Perangat anticline, 
which is strongly disturbed and crumbled here 
by the great Samarinda-fault (JEZLER, 1916, p. 
84). Finally the river cuts through the Pelarang 
and Sanga-Sanga anticlines where both show a 
strong axial depression. 


From these observations it appears that the 
lower course of the Mahakam river between 
Ma. Muntai and its delta obviously follows the 
way of least resistance showing a noteworthy 
agreement with geologic structure. This, how- 
ever, is a quite unusual behaviour for an ante- 
cedent river. For, one of the most characteris- 
tic features of a pre-existing river is its in- 
dependence as to geologic structure, because 
it retains its original course no matter what 
erosion difficulties, strongly resistant rocks or 
structures are encountered. The phenomena 
observed therefore warrant the conclusion 
that the lower course of the Mahakam river is 
not antecedent. 


If the lower Mahakam is not antecedent, 
there are but two other possibilities, viz. it 
originated after or during the uplift of the 
Samarinda anticlinorium or expressed in geo- 
morphic terms: it is postgenetic or syngenetic. 
In the first case the lower course came into 
being by the headwater erosion of a conse- 
quent stream on the eastern flank of the pre- 
existing Samarinda anticlinorium. This possi- 
bility, however, may be left out of account. 
For, a retrogressive consequent river always 
follows the steepest slopes at right angles to 
the general trend, to get its maximum cutting 
power, i.e, the river cuts across the strike of 
strong and weak rocks alike along the shortest 
way. As stated above this is by no means the 
case with the lower Mahakam river, 


The last possibility, i.e. a syngenetic origin, 
therefore is the only acceptable one. In that 
case the lower Mahakam river must have 
originated from an eastward flowing river 
looking for a way seaward across the Sama- 
rinda anticlinorium. The present entrenched 
bends look like the entrenched meanders of a 
former lowland river, as postulated by MOLEN- 
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GRAAFF, but they actually are the entrenched 
curves of a wound tidal channel. Only in this 
testricted sense the lower Mahakam river 
might be called antecedent. On the other hand 
the author fully agrees with MOLENGRAAFF, 
that the resemblance in the course of the 
Kapuas and Mahakam rivers is not accidental. 
Indeed there is a genetic connection under- 
lying it. However, their common recurrent type 
did not originate from antecedence, but from 
the intercalation of a vast local baselevel, i.c. 
an extensive Lakes District. 


Comparing both rivers more in detail it 
appears in the first place that the average 
gradient of the Kapuas river is considerably 
lower than that of the Mahakam river, for the 
Kapuas is the longest river (1143 km) and the 
Mahakam the third longest river (ca. 775 km) 
in Borneo, whereas both rise on the Tjemaru 
Mt. (1681 m) in the centre of the island. But 
also in other respects the Kapuas river appears 
to be in a much maturer stage of development 
than the Mahakam river. Excepting the extreme 
headwaters all obstacles already have been 
removed, while the greater part of its course 
shows the characteristic windings of an almost 
graded river. In the Mahakam river not only 
the actual headwaters but also the riverbed 
further downstream as far as below its cutting 
through the former Semitau-Kuching divide is 
far from being graded, which is apparent from 
a double row of rapids. This fact already has 
been noted by MOLENGRAAFF (1909, p. 703) 
but not explained. From the developmental 
history of both rivers as outlined above it is 
obvious that the Kapuas river already came 
into being in the beginning of the Neogene, 
whereas the Mahakam river did not originate 
before the end of the Neogene. This disparity 
in age makes clear why the present Kapuas 
river shows a much maturer stage of develop- 
ment than the Mahakam river. 


The origin of the lower Mahakam river as 
outlined above moreover throws an interesting 
side light upon the youngest geological history 
of the Lakes District of Central Kutei. 

According to WITKAMP (1928 b, p. 986), 
the wellknown Kutei expert, the Kutei area 
was rather intensly folded during the late 
tertiary phase of diastrophism. The folded 
mountains were baselevelled to almost a pene- 
plain and afterward faulted parallel to the 
trend of the folds and the coastline, involving 
the downwarp of a part of this peneplain and 
the origin of a great lake in Central Kutei. 
The eastern margin of the floodplains of the 
Telen and Kepala rivers would coincide e.g. 


with a great meridional fault-system, along 
which the Central Kutei basin sank down about 
100-200 m. A fault at the western border of 
the Kutei basin would have given rise to the 
outflow of the continental basalts of the 
Tudjung plateau. (WITKAMP, 1914, p. 601 and 
1932, p. 64). According to VAN BEMMELEN 
(1949, p. 358) this downwarp was contem- 
poraneous with the plio-pleistocene folding 
and subsequent upheaval of the Samarinda 
anticlinorium. The morphological development 
as outlined above, however, does neither sup- 
port the existence of baselevelled folded 
mountains already traversed by the Mahakam 
river, nor its downwarp contemporaneous with 
the uparching of the Samarinda-anticlinorium. 
It seems more likely that the Kutei basin al- 
ready existed as a great bay in neogene time 
and merely has been gently folded during the 
plio-pleistocene phase of diastrophism. This 
view is moreover supported by some observa- 
tions recorded in the Geol. Survey Report 
1931 (Mijnbouwkundig Geologisch Onderzoek 
Oost-Borneo 1931, p. 63 and 66). Although at 
the northeastern margin of the Kutei Lakes 
District the youngest deposits unconformably 
overlap older tertiary strata, the dip of the 
young neogene sediments at the northwestern 
margin of the basin is so low, that it is difficult 
to discern from the slant of the almost hori- 
zontal quaternary deposits. 


The Barito bay. — The Barito bay was 
gradually filled up in pleistocene time by the 
large quantities of debris accumulated by the 
inflowing rivers in the same way as the Kutei 
bay. It seems unlikely, however, that a great 
lake once existed in this depression. The rivers 
emptying into the bay enclose a kind of delta- 
land, being the result of repeated bifurcations 
and shiftings of their bed in the lower courses,. 


The Kajan-river. — The uparching of the 
Karimata divide in plio-pleistocene time dis- 
rupted also the course of the neogene Kajan- 
Redjang river: The Kajan river was forced to 
take a reversed course over the Kajan High- 
plateau in an easterly direction and to look 
for a way seaward across the Semitau-Kuching 
divide. According to HARTING (1930, p. 179) 
the latter is cut here by important vertical 
faults and the Kajan breaks a way through a 
graben cascading with impassable falls (Bem- 
brem) from the Kajan highplateau into the 
lowland. The Bembrem rapids thus are gene- 
tically comparable with the “lower rapids” in 
the Mahakam gorge through the Semitau- 
Kuching divide as already noticed by MOLEN- 
GRAAFF (1909, p. 711). On the other hand the 


captured Redjang river retained its westerly 
course but encountered the Ularbulu ridge, 
which began to rise up from the neogene 
Serawak-Brunei geosyncline in plio-pleistocene 
time (VAN BEMMELEN, 1949, p. 358). Conse- 
quently the lower Redjang was forced to make 
a sharp bend towards the South and to run a 
long way round about this ridge before 
draining into the China Sea. 


Further to the North the Baram river could 
reach the sea through the depression between 
the Ularbulu ridge and the Harewood-Crocker 
range. The waters of the Padas-Pegalan-Suk 
tiversystem were blocked and ponded, how- 
ever, by the Crocker range. According to 
REINHARD and WENK (1951, p. 9 and 10) 
terraces and lacustrine beds have been observed 
in several places; on the aerial photographs 
low, flat, mesalike features can be traced in 
this area, which most probably form part of 
old lake beds. It seems likely that an ancient 
lake existed here and was tapped and drained 
by the Padas river through retrogressive 
erosion through the Crocker range at the 
present Padas gorge. Native tales of a lake at 
Tenom, where the Padas river joins the South- 
flowing Pegalan river, and of a rock, Batu 
Penotal, at the head of the Padas gorge, which 
had been kicked away by a giant, thus allow- 
ing the waters to rush through the Padas gorge, 
may be related to this event. 


The Kinabatangan valley formed a deep and 
important depression between the Segama and 
Labuk uplifts up to the end of the Miocene 
(fig. 2). In plio-pleistocene time originated 
from this miocene Kinabatangan channel the 
most important drainage system in N. Borneo. 
Most probably the Kinabatangan river origin- 
ally drained into Sandakan Bay. According to 
REINHARD and WENK (1951, p. 10) the water- 
shed between the lower Kinabatangan river 
and Sandakan Bay is formed locally by fresh- 
water swamps and is so ill-pronounced that it 
is reasonable to relate the vast coastal swamps 
S and SE of Sandakan Harbour to an earlier 
course of the Kinabatangan river. 


In N. Borneo the neogene Semitau-Kuching 
divide ran nearer the east than the west coast. 
After the uparching of the Karimata divide 
the main watershed shifted toward the west 
and now runs on the contrary nearer the west 
than the east coast. Consequently in the 
northern part of Borneo the larger rivers drain 
to the east dissecting the former Kuching 
divide into secondary and tertiary watersheds. 
_Nevertheless these last remnants of the old 
Kuching divide together with some young 
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plutonic bodies still form the dominant moun- 
tains of N.E. Borneo like the Meutapok- 
Pomuntang-Meliau Mts. (1300 m), Mt. Kiniau 
(about 1200 m), Mt. Rara (more than 1500 m), 
Mt. Jamuk (1275 m), Mt. Kemul (1847 m) 
with a nameless peak West of it (2053 m) and 
Mt. Belajan or Njapa (more than 1500 m). 
This explains their eccentric position with 


respect to the present main divide and drainage 
system. 
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GEOLOGISCH EN MIJNBOUWKUNDIG NIEUWS 


HET ROBINSONRAPPORT OVER HET 
RUHRGEBIED. — In verband met de plannen tot 
productieverhoging van de Westduitse kolenmijn- 
bouw heeft de Bondsregering het Amerikaanse con- 
sultingingenieursbureau Robinson & Robinson op- 
gedragen advies uit te brengen over de mogelijk- 
heden van productieverhoging, kostenverlaging en 
het aankweken van een goede verhouding tussen 
werkgevers en werknemers. 

Het advies, dat thans bij de uitgeverij Glückauf 
in Essen in druk verschenen is, beperkt zich tot 
het ondergrondse bedrijf. Zes vooraanstaande per- 
sonen uit de Amerikaanse mijnbouwwereld assis- 
teerden de firma Robinson bij het uitbrengen ervan. 
In een bespreking in het tijdschrift Glückauf worden 


enkele der in het rapport aanbevolen maatrege,.en 
genoemd. De planning voor het ondergrondse be- 
drijff zou niet meer gebaseerd moeten worden op 
een streven naar een constante productie en effi- 
ciency, maar zou er op gericht moeten worden 
gunstige ontginningsmogelijkheden steeds ten volle | 
te benutten zonder zich om een later eventueel op- 
tredende vermindering van de productie te bekom- 
meren. Ook wordt er een voorkeur uitgesproken om 
geheel op terugwaartse afbouw over te gaan. Ver- 
der zou o.a. het gebruik van afbouwhamers bij de 
ontginning geheel uitgeschakeld dienen te worden. 
Ook zou er een gemeenschappelijk Duits-Ameri- 
kaanse mijnbouwcommissie in het leven geroepen 
moeten worden. 


PRODUCTIECIHFERS VAN NEDERLANDSE DELFSTOFFEN 


Te ET EN I TE TED N a ee A EEE 


Maandgemidd. Januari Februari Maart 
1952 1953 1953 1953 
NEDERLANDSE STEENKOLENMIJNEN 
Maandproductie kolen, in tonnen R 1 044 362 1 107 738 1 005 634 
Gem. productie per gewerkte dag, in tonnen 42 605 41 901 
Gem. productie per 8-urige werkdag, in tonnen 45 214 72.332 
Totaa] aantal verrichte diensten o g. (per maand) 649 033 691 351 612 682 
Netto productie industriebriketten, in tonnen 6 190 4 923 5705 
Netto productie eierbriketten, in tonnen 12515 78.506 66 497 
Productie cokes, in tonnen . ar 206 414 213 774 191 442 
Productie kunstmest, in tonnen stikstof 11 062 11.221 9 336 
Productie electriciteit, in kWh 117 552 902 128 206 625 | 113 993 258 
Cokesovengas 81591 83 965 75 488 
Generatorgas Dun. DDR 3717 4 199 3922 
NEDERLANDSE AARDOLIE MAATSCHAPPI] 0 Tf) , 2 Bee SCBE ee ie 
Productie van aardolie, in kg tonnen 59 594 58 310 43 476 68 976 
te | Bu, Bi 
(5 weken) (4 weken) (4 weken) 
KON. NEDERLANDSCHE ZOUTINDUSIRIE ee Te 
Productie van zout, in tonnen 34 568 36 694 7277 26 864 
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Erzmikroskopisches Praktikum, von H. 
SCHNEIDERHÖHN. xii } 284 S., mit 113 Abb. im 
Text und auf 32 Kunstdrucktaf., 39 Tab. und 
einem Anhang mit 24 Bestimmungstafeln. E. 
Schweizerbart'sche Verlagsbuchhandlung (Er- 
win Nägele): Stuttgart, 1952. Prijs geb. 
DM 40.60. 


Dit boek is, volgens de schrijver, bestemd voor 
het ertsmicroscopische onderzoek op hogescholen, 
voor zelfstudie en in het bijzonder voor beginnen- 
den. In verband met deze doelstelling zijn theore- 
tische — speciaal optische — uiteenzettingen be- 
perkt gehouden en wordt verwezen naar literatuur 
en naar het Lehrbuch der Erzmikroskopie I (1931). 


Overziet-men de inhoud van dit boek, dan kan 


men eigenlijk 3 delen onderscheiden: in de hoofdst. 


I-IX (210 blz.) wordt het eigenlijke onderwerp be- 
handeld, in de overige hoofdst. (X-XII, 40 biz.) de 
vergroeiingen, structuren en texturen der ertsmine- 
ralen, terwijl in de „Anhang’” determinatietabellen 
gegeven worden. 


In hoofdst. I wordt de opparatuur (ertsmicro- 
scoop) behandeld. Het tweede hoofdstuk beschrijft 
de vervaardiging der polijstvlakjes. Voor het eersi 
wordt melding gemaakt van de lindenhouten polijst- 
schijf van F. Trojer te Wenen, waarmede volgens 
schrijver uitzonderlijk fraaie resultaten bereikt zou- 
den kunnen worden. 


Hoofdstuk III bevat de optische onderzoekings- 
methoden, toegelicht met enige noodzakelijke, theo- 
retische beschouwingen. Van de verschillende ta- 
bellen is die van het reflexvermogen de vermelding 
waard, omdat vele nieuwe metingen gedaan zijn en 
omdat de nieuwe tabel — in tegenstelling met die 
van 1931 — zowel de percentages verkregen met 
de fotometer als die met de fotocel aangeeft. De 
kortgeleden door Neuerburg en Cameron & Green 
beschreven en voor determinatiedoeleinden geschikt 
geachte „polarisatiefiguren’ worden wel vermeld, 
doch niet nader uitgewerkt. 

In het vierde hoofdstuk worden de fysische eigen- 
schappen der ertsmineralen opgesomd. Vooral be- 
langrijk zijn twee lijsten van microhardheden. Aan 
chemische etsingen als diagnostisch hulpmiddel 
wordt slechts een kort hoofdstuk (V) gewijd, daar 
de schrijver vele bedenkingen heeft tegen deze toe- 
passing, zodat hij de gevallen, waarin etsdiagnose 
aan te raden is, beperkt acht. (In de Amerikaanse 
literatuur daarentegen wordt etsing als determinatie- 
middel wel belangrijk geacht). Zeer kort wordt in 
hoofdstuk VI de microchemische en röntgenografi- 
sche mineraaldiagnose behandeld. In hoofdstuk VII 
wordt uitvoeriger dan de etsdiagnose de structuur- 
etsing besproken. De schrijver vindt nl. deze ets- 
methode, terecht, uiterst belangrijk. Voor ongeveer 
90 ertsmineralen worden tabellarisch de meest ge- 
eigende structuuretsreagentia opgegeven. 

In de korte hoofdst. VIII en IX worden meet- 
"methoden onder het ertsmicroscoop en het bepalen 
der kristallografische oriöntatie van mineralen in 
het polijstvlakje behandeld. 

De hoofdst. X, XI en XII geven een overzicht 
van vergroeiingen, structuren en texturen van mine- 
ralen en mineraal-aggregaten. Daar deze materie 
reeds door Ramdohr (1950) uitvoerig behandeld is, 
heeft de schrijver de gegevens meer tabellarisch 
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gerangschikt, vooral om de beginner een leiddraad 
te geven. Men vraagt zich echter af of hierbij het 
doel niet voorbij gestreefd is: deze overmaat aan 
systematiek werkt, zeker voor de beginner, juist 
verwarrend. Een eenvoudige opsomming, zoals door 
G. M. Schwartz gegeven (Econ. Geology 1951) en 
door de schrijver overgenomen, is inderdaad voor 
de beginner overzichtelijker, Het onderwerp wordt 
toegelicht door 64 zeer fraaie, merendeels voor het 
eerst gepubliceerde microfoto’s. 

‚ Een literatuurlijst van 262 nummers, bijgewerkt 
tot en met 1951, sluit het boek. 


Als „Anhang” is een apart boekje bijgevoegd 
met 24 tabellen voor de determinatie van ertsmine- 
ralen en de meest voorkomende gangmineralen (in 
totaal 180). In principe is deze determinatietabel 
dezelfde als die van 1931, nl. gebaseerd op polijst- 
hardheid, anisotropie, kleur en refiexvermogen. De 
uitvoering van de nieuwe tabel is echter anders 
dan de vroegere: de eigenlijke determinatietabel be- 
vat uitsluitend de 4 genoemde eigenschappen (deze 
„systematische Bestimmungstafeln” beslaan dan ook 
slechts 3 blz.), de overige eigenschappen zijn tabel- 
larisch samengevat in de „alphabetische Kennzei- 
chentafeln” (21 blz.). Het geheel heeft t.o.v. de 
oude tabel aan overzichtelijkheid ingeboet, vooral 
door de kleine druk, Een voordeel is, dat thans 
meer eigenschappen opgenomen zijn. Het is echter 
jammer, dat van de etsingen alleen de structuur- 
etsing is opgenomen en dat geen kolom is ingeruimd 
voor de (belangrijkste) begeleiders, waarvan de 
kennis ook voor het determineren belangrijk is. 


De typografische verzorging van dit werk ver- 
dient alle lof. Dit boek is ten zeerste aan te bevelen 
voor een ieder — en zeker niet alleen de beginner 
—, die zich serieus met ertsmicroscopie bezig houdt. 


W. Benschop KooLHoven. 


Rocks for chemists. An introduction to pe- 
trology for chemists and students of chemist- 
ry, by S. James SHanp. xii + 146 pp., 12 
figures, 36 pls. Thomas Murby & Co.: Lon- 
don, 1952. Prijs geb. 21s. 


De schrijver, de bekende petroloog Shand, is er 
zeker in geslaagd in dit boekje een duidelijk beeld 
te geven van de petrologische wetenschap. Zijs 
doelstelling is vooral om voor chemici een inleiding 
te geven in deze wetenschap en hen te stimuleren 
zich in deze problemen te interesseren. Hij behan- 
delt het onderwerp dan ook geheel vanuit de chemi- 
sche kant en laat de vele nog openstaande proble- 
men duidelijk naar voren komen. 

Verreweg het grootste deel is gewijd aan de 
magmatische gesteenten, de samenstelling, hun on- 
derlinge samenhang en de mogelijke ontstaans- 
wijzen. 

Slechts de drie laatste hoofdstukken handelen 
zeer in 't kort over de sedimenten en de metamorphe 
gesteenten, 

Shand is geen aanhanger van granitisatie-theo- 
rieen, zodat deze mogelijkheden zeer snel afgedaan 
worden, maar overigens getuigt het boek van de 
grote kennis van iemand, die zijn onderwerp geheel 
beheerst. Anders zou het niet mogelijk zijn in zon 
kort bestek zon’ duidelijk idee te geven van de 
moderne inzichten in de petrologie. 
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Behalve voor chemici is het dan ook zeker ge- 
schikt als eerste inleiding voor studenten in de 
geologie. 


SDES-® 


Evolution in the genus Drosophila, by J. T. 
Patterson and W. S. Stone. 610 pp. 74 
figs., 109 tabs. The Macmillan Company: 
New York, 1952. Prijs geb. $ 8.50. 


Het genus Drosophila (bananenvlieg) werd in 
1823 door Fallen gegrondvest. Het zou waarschijn- 
liik een insectengenus zijn gebleven, zoals er 
duizenden andere zijn, wanneer het niet in het begin 
van deze eeuw, ik meen door T. H. Morgan, ont- 
dekt was als een uitstekend object voor experimen- 
teel genetisch werk. 


Sindsdien is er een enorme literatuur over Dro- 
sophila ontstaan, niet alleen genetisch, maar ook 
systematisch. (Er zijn op het ogenblik reeds meer 
dan 600 soorten bekend, verspreid over alle zes 
zoögeografische rijken). En nu is daar een boek 
over de evolutie van het genus aan toegevoegd. 
Er zijn niet veel genera, die daar op kunnen bogen, 
en zeker niet, wanneer het, zoals hier, gaat om een 
genus, waarvan geen enkele fossiele vertegenwoor- 
diger bekend is. Daar staat echter tegenover, dat 
verscheidene soorten reeds sedert tal van generaties 
hun leven slijten binnen de muren van laboratoria, 
zodat de nauwkeurigheid waarmee hun verande- 
ringen bestudeerd kunnen worden, het gebrek aan 
gegevens over een zeer lang tijdsbestek enigszins 
vergoedt. Het werk in deze richting is bovendien in 
hoge mate bevorderd, nadat in 1937 gebleken was, 
dat de veranderingen van het chromosomen-patroon 
door röntgenbestraling worden versneld tot een 
veelvoud van het tempo, wanneer zulke verande- 
ringen onder natuurliike omstandigheden plaats 
vinden. 


Het spreekt vanzelf dat aan deze chromosomen- 
evolutie zeer veel aandacht wordt besteed. 


Een tweede punt, dat uitvoerig wordt besproken, 
is de afzondering, die niet slechts door geografische 
barrieres wordt veroorzaakt, maar ook binnen een 
populatie kan optreden. Tal van onderzoekingen 
hebben daar de laatste jaren reeds op gewezen. 


By Drosophila spelen daarbij, behalve factoren, 
die rechtsreeks verband houden met het mechanis- 
me van de voortplanting, ook ecologische factoren 
een rol. 


Drosophila is bovendien een bijzonder succesrijk 
genus op het gebied van hybridisatie. De schrijvers 
slaan de betekenis daarvan hoog aan: „Although 
the many species hybrids and intermediate situations 
that we have reported are a source of difficulty in 
taxonomy, it is necessary to explore this type of 
variability, as it is only through hybridization and 
its products that we can demonstrate the genetic 
mechanisms and differences present between evol- 
ving forms’. Het behoeft geen betoog, dat de 
wegen, waarlangs de schrijvers het evolutie-vraag- 
stuk benaderen, geheel verschillen van die, welke 
door palaeontologen bewandeld worden. Een beetje 
„sight-seeing” schaadt echter niet, integendeel; „We 
believe that such an analysis of evolution in Dro- 
sophila can give us a much better understanding of 
the general problems of evolution”. 


A. Br. 


Albert Heim, Leben und Forschung, von M. 
BRocCKMANN-JEROSCH, Arn. und Hel. HEım. 268 
S, mit 11 Abb. und 15 Kunstdrucktaf. Wepf 
& Co., Verlag: Basel, 1952. Prijs geb. Schw, 
Fr. 18.50. 


12 April 1849 in Zürich geboren, overleed aldaar 
Prof. Albert Heim op 31 Augustus 1937. Zijn nu 
voor ons liggende biografie werd geschreven door 
zijn leerlinge Marie Brockmann-Jerosch en zijn twee 
kinderen. Als oud-leerling van de grootmeester der 
Zwitserse geologen kan ik getuigen, dat hier een 
voortreffelijke, waarheidsgetrouwe levensbeschrij- 
ving van deze grote idealist gegeven is. Wij leren 
er Heim in kennen met zijn veelzijdige begaafdheid, 
ziin geweldige werkkracht, en wat minstens even 
belangrijk is, ziin ongecompliceerd, zonnig, arge- 
loos, eenvoudig en oprecht karakter. Hartstochtelijk 
zocht hij waarheid en rechtvaardigheid. Opgegroeid 
in een tijd, waarin de rationalistisch ingestelde 
natuurwetenschap tot volle ontwikkeling kwam, was 
deze idealist ervan overtuigd, dat het mensdom door 
wetenschappelijk inzicht op ethisch hoger niveau 
zou komen. De eerste wereldoorlog was een bittere 
teleurstelling voor hem en de tweede heeft hij ge- 
lukkig niet meegemaakt. 


In elf hoofdstukken wordt het lange en vrucht- 
bare leven van Albert Heim beschreven: Levens- 
beschrijving, Gebergteonderzoek, Gletschers en ijs- 
tiid, Onderzoek en uitwerking (tekenen, reliefs), 
Academische werkzaamheid, Geologisch onderzoek 
van Zwitserland, Technische geologie, Het proces 
over het drinkwater van de Rigi, Alpinisme en 
natuurbescherming, Kynologie en Sociaal werk. Dit 
laatste omvat ethiek, crematie en bestrijding van 
drankmisbruik. Uit deze simpele opsomming volgt 
reeds de veelzijdige belangstelling van Heim. Zijn 
liefde voor honden en de inzet van zijn gehele per- 
soon voor lijkverbranding vormen twee der vele 
facetten van dit welbestede leven. Geologen vinden 
in dit boek o.a. de ontwikkeling der denkbeelden 
van de „Glarner Doppelfalte” tot de leer der dek- 
bladen. In het hoofdstuk over technische geologie 
zien wij Heim als deskundige optreden in vraag- 
stukken over drinkwater, bergstortingen en tunnels 
en wordt ook zijn houding ten opzichte van de 
wichelroede besproken. 


B. G. EscHER 


Statistical Yearbook 1952. Tin, tinplate, 
canning. International Tin Study Group: The 
Hague (1952).. 266 pp. 8 figs. Prijs geb. 
gld. 21,50 :(£ 2.0.0, $ 5,60). 


Deze tweede uitgave (de eerste was gedateerd 
1949) bevat alle denkbare en beschikbare statistische 
gegevens, die in de ruimste zin betrekking hebben 
op de tinindustrie in de wereld. 

Het werk begint met een achttal hoofdstukken 
van algemene aard, in welke het commentaar zich 
baseert op de toestand in het midden van 1952. 
Begonnen wordt met een overzicht van de inter- 
nationale samenwerking op tingebied. Hierop volgen 
productie en verbruik van het tinmetaal, benevens 
prijzen. Aan het gebruik en verbruik wordt boven- 
dien nog een apart hoofdstuk gewijd, zo ook aan 
de metaalmarkten ter wereld. Speciale aandacht is 
besteed aan de „tinplate and canning trades”, die 
van zo overwegend belang zijn voor de vraag naar 
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VERSLAGEN VAN VERGADERINGEN 


VERSLAG VAN DE BUITENGEWONE 
VERGADERING VAN DE MIJNBOUW- 
KUNDIGE SECTIE 


op Vrijdag 23 Januari 1953 in de Mijnschool 
te Heerlen. 


Spreker: Ir G. J. de Vooys. 


Onderwerp: Bespreking over de mogelijkheid van 
winning van dunne lagen. 


Na opening door de plv. voorzitter Ir W. Mar- 
tens lichtte de inleider de hieronder vermelde stel- 
lingen toe: 


le. Ter beoordeling van de bruikbaarheid van 
winningsmethoden in het bijzonder indien 
deze worden toegepast bij de ontginning van 
voorraden, die aan de grens van economische 
exploitatie liggen, dient men te beschikken 
over een zelfkostenbecijfering, welke de ver- 
schillen in werkelijke kostprijs van de produc- 
tie uit elk van de winningsplaatsen zo scherp 
mogelijk doet uitkomen. 


2e. Aansluitend aan le. dient men te beschikken 
over een zo accuraat mogelijke waardebepa- 
ling van de brutoton gedifferentieerd naar de 
winningsplaats. 

3e. Bij de ontwikkeling van nieuwe winnings- 
methoden voor dunne lagen moeten de phy- 
sieke werkzaamheden in de laagopening steeds 
verder beperkt worden. 


4e, Daar waar onze bestaande ondersteunings- 
methoden de grenzen gaan naderen, blijven 
kolenpijlers als enig ander alternatief voor de 
ondersteuning over. 


5e. De definitie van het begrip concentratie, tot 
nu toe meestal geformuleerd als een zo hoog 
mogelijk productievolume per pijler, kan wor- 
den vervangen door het begrip, een zo hoog 
mogelijk productievolume per ontsloten veld- 
deel of vleugel. 


6e. De bij de winning van dunne lagen te ge- 
bruiken apparaten, gereedschappen en mate- 
rialen voor zover te gebruiken binnen de laag- 
opening, moeten zo licht en zo hanteerbaar 
mogelijk zijn. 
De grotere eenheden moeten gemakkelijk in 
goed hanteerbare delen gedemonteerd kunnen 
worden. 
Deze conditie heeft binnen grenzen prioriteit 
over de houdbaarheid. 
Een te ver doorgevoerde standaardisatie staat 
de vervulling van deze eis veelvuldig in de 
weg. 


7e. Daar het cyclische systeem, n.l. de in tijd 
precies afgemeten afwisseling van kolenwin- 
ning, transporteuromzetting of verschuiving 
en roven, steeds de mogelijkheid inhoudt dat 
deze cycli door bedrijfsstoringen worden on- 
derbroken en daar het opheffen van deze be- 
drijfsstoringen in dunne lagen meer tijd vergt 
dan in dikkere lagen, moet in sterkere mate 
naar een continue werkwijze gestreefd worden. 


8e. De dimensies van de galerijen in dunne lagen 
dienen tot het uiterste gereduceerd te worden. 
Alle functies welke wij aan deze galerijen 
stellen, moeten op hun dimensie-eisen nauw- 
keurig onderzocht worden. 


9e. In dunne lagen heeft terugbouw grotere voor- 
delen dan in dikkere lagen en minder nadelen. 


10e. Zolang met afbouwhamer en schop wordt 
gewerkt is de dwarspijler voor dunne lagen 
boven de langspijler te prefereren. 


Aan de gedachtenwisseling werd deelgenomen 
door de Heren: Ir C., E. P. M. Raedts, Dr P. Wint- 
gens Jr., Ir P. S. Bakels, Ir D. J. Knuttel, Dipl. Ing. 
Müller, Prof. Ir Th. R. Seldenrath, Ir P. Th. Velze- 
boer en Ir P. J. N. Satijn. 


Hierbiji kwamen o.m. de volgende punten naar 
voren: 


1. Bij ontginning van dunnere lagen zal een nauw- 
keuriger planning nodig zijn, omdat dunnere 
lagen gevoeliger zijn voor tektonische onregel- 
matigheden. 


2. Indien gebruik gemaakt zal worden van dwars- 
pijlers waarbij achterblijvende koolpijlers voor de 
ondersteuning moeten zorgen, moet hiervoor een 
nieuwe mechanische apparatuur ontwikkeld wor- 
den. 


3, Een kostprijsberekening schiet tekort, wanneer 
deze zover wordt doorgevoerd, dat de snelheid 
van het bekend worden der resultaten hier- 
onder lijdt. 

Zoveel als mogelijk dienen de kosten vergelij- 
kend te worden benaderd. 

4. Voor magerkool-mijnen spelen naast de win- 
ningskosten ook de kwaliteit van de kolen 
(smeltpunt enz.) een grote rol bij de toelaatbare 
kostprijs. 


5. Het is van belang zoveel mogelijk dwarspijlers 
in een veld gelijktijdig te ontginnen om Zo- 
doende tot een redelijke concentratie te komen. 


(Vervolg varı blz. 138) 


tin. Bovendien vindt men enige hoofdstukken over 
de wereldvoorraden, de voornaamste tinsmelters, 
tinanalyses, etc. 

Deze inleidende hoofdstukken zijn samengedrongen 
in 40 pagina’s, maar niettemin helder van inhoud. 

De rest van het boek, 226 pagina’s, is regionaal 
van opzet, met als hoofdindeling de werelddelen en 
als onderverdeling de verschillende landen, onge- 
acht of zij voor de tinindustrie van belang zijn of 
niet. De gegevens over geschiedenis, geologie, mijn- 
- bouwmethodes, enz. zijn uit de aard der zaak uiterst 
beknopt weergegeven. De statistische tabellen zijn 


u 


het doel geweest. Zij geven de indruk met nauw- 
gezetheid te zijn samengesteld, en het laatste te 
hebben gegeven wat op dit gebied bijeen was te 
brengen. Hierin ligt dan ook de grote waarde van 
het boek. Het bestaat vrijwel geheel uit tabellen, 
waardoor het zich meer leent voor een „aankondi- 
ging’ dan voor een „bespreking”. 

Enige suggestief uitgevoerde kaarten werken 
verhelderend. Er kan geen twijfel bestaan aan het 
grote nuf van deze uitgave voor een ieder, die bij 


de tinindustrie in al haar aspecten is Eee 
del 
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AGENDA 


Zaterdag 16 Mei 1953, te 15 uur. Bijzondere vergadering van het Koninklijk Nederlandsch 
Geologisch Mijnbouwkundig Genootschap in het gebouw van het Koninklijk Instituut van Ingenieurs, 


Prinsessegracht 23 te 's-Gravenhage. 


Spreker: 


Prof. Dr. L. U. de Sitter over: Leidse bouwstenen tot de geologie van Noord-Afrika” 


De Secretaris, 


H. ]. DE WIJS 


G-E NO. ©.T S.C’ HZATPIST Zr 


PERSONALIA 


De leden varı het Genootschav worden verzocht 
alle wijzigingen in adres, titel en functie op te 
willen geven aan het secretariaat: van Soutelande- 
laan 33, te 's-Gravenhage. 


Nieuwe leden: 
BERGSTEIN, A. P. J. —, Kerkrade, Postsfraat 19. 


(m) 
JANSONIUS, J. —, Utrecht, Breedstraaf 1. (bg) 
(U.G.V.) 


Bezwaren tegen de toelating moeten ondertekend 
en met redenen omkleed binnen vier maanden wor- 
den ingezonden aan de Secretaris van het Genoot- 
schap, Van Soutelandelaan 33, 's-Gravenhage. 


(Vervolg van blz. 139) 


6. De perspectieven van de z.g. „manloze'” pijler 
worden door sommige leden gunstig geacht. 

7. De kostprijs wordt niet alleen door ‘het een- 
heidseffect bepaald, maar ook — bij beperkte 
concessiess — door een bij de ontginning van 
dunne lagen mogelijke terugval van de totale 
productie der mijn., 


De bespreking was druk bezocht en had een ge- 
animeerd verloop, waartoe de wijze waarop de 
inleider zijn stellingen naar voren bracht en toe- 
lichtte in hoge mate bijdroeg. 


De Sectie-Secretaris, 
J. BLoEMENDAL. 


Op 20 Februari 1953 werd een buitengewone 
vergadering belegd in de Mijnschool te Heerlen, 
waar Bergwerksdirektor Bergassessor a.D. R. Wa- 
wersik sprak over: 

„Fragen der zweckmäszigsten Abbaugestaltung in 
der flachen Lagerung der rheinisch-westfälischen 
Steinkohlenlagerstätte unter besonderer Berücksich- 
tigung des Einsatzes maschineller Hilfsmittel”. 

Van deze lezing verschijnt een uitvoerig verslag 
voorzien van een aantal grafieken in Geologie en 
Mijnbouw. 

De Sectie-Secretaris, 


]. BLoEMENDAL. 


Nieuwe adressen: 


DOEGLAS, Dr D. J. —, Bennekom, Herfenlaan 8. 
(g) (gk) 
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This is the regular 


daily performance of 


a Meco Trunk Belt .g', tons per minute 
Conveyor System using 2500 tons per day 


140 H.P. & 75 H.P. Driving 


units and 42ins conveyors 


FOR RELIABLE TRANSPORT | 


extending 1% miles. 


THE MINING ENGINEERING CO LTD, MECO WORKS, WORCESTER ENGLAND 


LONDON OFFICE: 50 PALL MALL LONDON S.W.l. CABLE MECOMONDE PICCY LONDON 


Agent tor Indonesia and Dutch Overseas Territories: 


"AGMA' ALGEMEENE GEREEDSCHAPPEN- EN MACHINEHANDEL - VALERIUSSTRAAT 59 - AMSTERDAM-Z 


FW- Kopflampe 


Pioniers op het gebied van 
Mijnlampen 
en 


Mijnverlichting 


Vertegenwoordigers: 


Staalhandel G. SARK 
POSTBUS 259 - HAARLEM 


FRIEMANN & WOLF emen Er 


Akkumulatoren- und Grubenlampenfabrik POSTBUS 3 
DUISBURG - GEGRÜNDET 1884 EUGELSHOVEN 


STANDARD Filterbau 
Loddenheide 31 


De 


STANDARD runoriLter DRP 


het 


economische en meest rendabele 
apparaat voor stofverwijdering en 
materiaal-terugwinning 


heeft door toepassing van meer dan 
2000 installaties over heel de wereld 
verspreid — voornamelijk bij skipver- 
voer alsook opkipvloeren en zeverijen — 


ziin succes bewezen 


Ges. m. b. H., Münster (Westt.) 
Telefon 5152 


Een dorre vlakte, meedogenloos door de zon GEDROOGD 


De aarde verschroeid, de planten verdord. Het toonbeeld van een onbe- 
heerste droging. 


Hoe anders is het bij de industriele droogprocessen, waar het aankomt op 
een homogeen en nauwkeurig vochtgehalte. 

Het research laboratorium van Bronswerk wist reeds vele problemen op te 
lossen voor het kunstmatig drogen van de meest uiteenlopende stoffen en 
producten, zoals: sisal, biscuits, watten, drop,gras, verfpigmenten, thee, hout, 
tabak, aardewerk, groente enz. 


De afbeelding toont een automatisch geregelde Bronswerk droogkamer met niet 
corroderend binnenwerk. Systeem „ECONSEC" (klein model). 
Geschikt voor het drogen van chemische producten. 


Na toezending van een briefkaart aan onze afdeling Documentatie ontvangt U de brochure „Econsec" met vele interessante bijzonderheden. 


AMERSFOORT 


Perslucht-, sleep-, helling- 
en remlier 


Perslucht-rooflier, ook als montagelier, veilig- 
heids- en rangeerlier 


Woereldhekende lieren 


verhogen het transportrendement en verlichten de arbeid. 


In talrijke miingebieden over de hele wereld lossen de DUSTERLOH- 
persluchtlieren en electrolieren de moeilijkste problemen op. Nauw- 
berekende constructie, grote capaciteit, eenvoudige bedrijfsveilige 
bouw en veelzijdigheid ziin er de voornaamste kenmerken van. Meer 
dan 27000 zijn reeds in gebruik, zoals: speciale lieren voor 
Neuenburg-kabelinstallaties, ook voor steile hellingen, treklieren voor 
de schaafploeg, montagelieren voor het boven- en ondergronds 
bedrijf, rooflieren, schraaplieren, transportlieren met een trekkracht 
tot 1,6t. en sleeplieren voor elk doel. Vraagt ons om prospecti en advies. 


BUSTERLOH 


GEWERKSCHAFT DÜSTERLOH . BOCHUM 


Vertegenwoordiger: Ing. Bureau ‚„Limaha’', Kerkrade 


Electro-lier 


MASCHINENFABRIK GLÜCKAUF - GELSENKIRCHEN 


Dubbelwerkende Aluminium Omdrukcylinders voor 
kettingtransporteurs 


130 mm ii 530 k 
an Pbij 4 at. 1300 " slaglengte 


\ 400 mm 
t 800 mm 


gewicht 130/400 19 kg - hoogte 155 mm - breedte 230 mm 
gewicht 130/800 28 kg - hoogte 155 mm - breedte 230 mm 
gewicht 200/400 32 kg - hoogte 260 mm - breedte 250 mm 
gewicht 200/800 42 kg - hoogte 260 mm - breedte 250 mm 


Uitschuifbare aluminium schoorstempels 


Vertegenwoordiging: 


INGENIEURSBUREAU „LIMAHA’ 


KERKRADE - ABTENLAAN 58 
TEL. K 4445 - 2156 


STATIONNAIR 


COMPRESSOREN | TRANSPORTABEL 
KLEIN 


MODERNE BOORHAMERS (Swedish Tunneling) 
AFBOUWHAMERS 


LAADWAGENS 


SANDVIK COROMANT BOORSTALEN 


ADRES: N.V. HOLLAND-ATLAS 
BREEVAARTSTRAAT 48 - TELEFOON 35191 - ROTTERDAM 


EEN BLIK| 


op de diagrammen 4 E 
; toont de werkwiize van de 


© BRIEDEN-BLAASLUCHTREGELAARS 


er 
RER 


sonne ren nern 00% 


MASCHINENFABRIK 


(KB) KARL BRIEDEN & CO. 


BOCHUM 
Vert. Ing. Bur. „FERRUM“, Heerlen 


STıALA 


sneldraaistaal 
en toolbils 


Een zorgvuldige keuze 


en het op de juiste ma- 
nier samenvoegen der 
grondstoffen, een gron- 
dige contröle gedurende 
het gehele productie- 
proces, garanderen een 
steeds gelijkbliivende en 
superieure kwaliteit van 
Styria sneldraaistaal en 
toolbits. Leverbaar in 
diverse standaardkwali- 
teiten. 


00 AA 


N ®. 
b} 49 METAALCOMPAGNIE 
„BRABANT” nv. 


TEL. 7744° (K 4900) EINDHOVEN 


BREEK-EN 
SORTEERINRICHTINGEN 
VOOR KOLEN EN COKES 


N.V. MACHINEFABRIEK EN IJZERGIETERI] 


„HOLLAND-BERGEN OP ZOOM” 


| 


l/ 
| SNELKOPPELINGSBUIZEN 


beweegbaar _ 
en toch 


| volkomen dicht 
/ 


HERMANN WINGERATH KG - RATINGEN 
RONRLEITUNGS- UND APPARATEBAU; 


Speciaal 
geschikt voor 
steen- en kolen- 
gruishoudend 
water 


Vraagt prospectus bj: 


TER BORG & MENSINGA’s 
| Machinefabr. N.V., Appingedam, Tel. 6 


a ee en HT 


wesraua LOBBE-SCHAAFPLOEE 


DE NIEUWE KOOLWINNINGS-, LAAD- EN 

TRANSPORT-MACHINE. MET EEN CAPA- 

CITEIT TOT 1000 TON PER DIENST VOOR 

LAGEN VAN 40 CM EN HOGER, BI!J EEN 

HELLING VAN 30° BENEDENWAARTS 
EN 16° OPWAARTS. 


GEWERKSCHAFT EISENHÜTTE 


WESTFALIA LÜNEN 


VERT. INGENIEURS-BUREAU „FERRUM” HEERLEN 


HAARLEM - HOLLAND 


(voor 600 m diepte) 


Voor opsporing van olie 
en mineralen en voor 
waterboringen. 


Plaatsing op vrachtwagen 
of in boortoren. 


Boortafel & 12" 
Geschikt voor roterend en 
„tegenstroom” boren. 


VICTOR 


Lichte stijl, vlug op te stellen. 
Geleidschroef vastgeklemd 


P R oO D U G T S door ontkoppelbaar tandwiel. 
Klawkoppeling en tandradkast 
L I M | T E D ingebouwd in de boor. 
K“ 
WALLSEND 
ON SITISTSTITTCHG 
TYNE e\ 
ENGELAND 
Opneming van de tegendruk 
door de stijl. Eenvoudige 
controle en doorlopend 
® boren. Grote tijdsbesparing. 


Vertegenwoordigers: 


N.V. Ingenieursbureau voorheen J. M. C. van Borselen & Co. - Lange Poten 15a - Den Haag 


KEMA Köln-Ehrenfelder Maschinenbau-Anstalt 
KÖLN-EHRENFELD 


bouwt ruim 


50 jaar 


TRANSPORT- 
LIEREN 


OPHAAL- 
MACHINES 


Vertegenwoor- 
diger voor 


Nederland: 
Ing. Bureau 


„FERRUM’ 


St. Antoniusweg 9, 
HEERLEN 


LAIECTAILITE 


INRICHTINGEN 


voor accu- 


v E EI Dr An E 5 Ba 
H.R. SMITH N.V. 


KEIZERSGRACHT 520 - A'DAM - TEL. 42012-41801 
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atze 


und Grubenbahnen und 


Räder und Rads 


für Feld- 


Stahlformguss aller Art 


tür den Bergbau 


in bester Qualität 


lLetert 


seit 1879 
WIEBZEENER HUTTE 


MOTOREN, 


INSTALLATIES 


DYNAMOS 


Aktiengesellschaft 


WITTEN (RUHR) 


Massagietwerk in 


messing- en lichtmetaal- 


’ 


brons- 


legeringen. 


Eigen modelmakerij 


VAN DE GROFSTE TOT DE FIJNSTE MAAS- 
WIJDTES UIT ALLE VERWEEFBARE METALEN 


METAALDRAADWEVERI) 
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KINDERDIJK Tel. 


TITAN 


1. BETROUWBAAR, doordat de servo-werking berust op het 


principe van de „groefwrijving’. 


2. LICHT, door de 4 wrijvingsvlakken en de gedrongen slot- 
constructie. 


3. ECONOMISCH vanwege de schroefkrik. 


WIJ LEVEREN OOK 
Kappen 


in diverse constructies 
Koppelstukken 
Voorspanschoenen 
Hulpstijlen 


Losse voetplaten 
voor zachte vloeren 


DU CROO & BRAUNS - AMSTERDAM 


Eh 
ALLE CORRESPONDENTIE BETREFFENDE ADVERTENTIES, ABONNEMENTEN E.D. 
AAN: G. A. TIESING, VOGELKERSSTRAAT 48, DEN HAAG, TELEFOON 334141 


INSCHUIFWEERSTAND 


ZEKERHEID 


INSLEEPSPIE 


OISERTES 45 
INSCHUIFWEG 
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